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(54) Laser wavelength stabilisation system lor optical commmunication 



(57) An object of disclosed technology is to control 
lasing wavelengths so that a wavelength shift does not 
occur. Another object is to permit wavelengths of a light 
source for wavelength division multiplexing optical-fiber 
communication system to be variable in response to an 
ITU-TS grid. A means for achieving the objects is as fol- 



lows: locating an etalon (106) in a light path of diode 
laser (1 00) light, which is a parallel plane wave changed 
by a collimator lens (1 02); generating a wavelength error 
signal from a difference between both of divided pieces 
of light from transmitted light or reflected light; and lock- 
ing a wavelength of a diode laser device (1 00) according 
to the wavelength error signal. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an optical-fib- 
er communication module, and more specifically, to an 
optical-fiber communication module that is applied to a 
Wavelength Division Multiplexing optical-fiber commu- 
nication system. Furthermore, the present invention re- 
lates to applied equipment that uses such optical-fiber 
communication module. 

[0002] Because optical-fiber communication provides 
us with high resistance to electromagnetic noise as well 
as long-distance, high-speed, and high-capacity com- 
munication, the optical-fiber communication enables us 
to construct a communication system that ensures high 
reliability. Conventionally, this system transmits light 
having one wavelength through one optical fiber. How- 
ever, with the coming of high-capacity information-ori- 
ented society in recent years, higher transmission ca- 
pacity is required. For this reason, technology of Wave- 
length Division Multiplexing optical-fiber communication 
system has been put into practical use. According to the 
technology, a plurality of light having a different wave- 
length one another are transmitted through one optical 
fiber, which permits a number of communication chan- 
nels to be increased for higher capacity. For wave- 
lengths of light transmitted through an optical fiber, a 
wavelength region having a low transmission lossforthe 
optical fiber is used. A 1 .3u,-region and a 1.5jx-region 
are called 'transmission window'. Because wavelength 
widths of those windows are limited, narrowing a wave- 
length interval between channels increases a number 
of transmission channels. For the present, although a 
frequency interval is 200 GHz or 100 GHz, the interval 
tends to become narrower (50 GHz or 25 GHz). If they 
are expressed in wavelength intervals, they are about 
1.6 nm, 0.8 nm, 0.4 nm, and 0.2 nm respectively. If the 
wavelength interval is narrowed in this manner, it be- 
comes necessary to keep wavelengths of a laser light 
source constant with accuracy. That is because if one 
of the wavelengths of the laser light source fluctuates 
and overlaps with a wavelength of the next channel, a 
crosstalk with the next wavelength channel arises at a 
receiving end, which impairs reliable information com- 
munication. Those wavelength channels (or frequen- 
cies) are called ITU-TS (International Telecommunica- 
tion Union-Telecommunication Standardization Sector) 
grid, which is widely known as ITU recommendation. 
Additionally, wavelength fluctuations of the laser light 
source due to aging must also be prevented. 
[0003] Taking such background into consideration, a 
method for controlling wavelengths of a laser light 
source used for Wavelength Division Multiplexing opti- 
cal-fiber communication has been proposed. As an ex- 
ample of this method, there is a method called 'wave- 
length locking' described in Japanese Patent Applica- 
tion Laid-Open No. Hei 11-31859. A basic configuration 



of this example is shown in Fig. 1 . Light emitted from a 
diode laser 1 is introduced into a fiber 2, and then con- 
densed by a lens 3. The condensed laser light reaches 
a beam splitter 5 through a first bandpass filter 4. This 

5 laser light is reflected by this beam splitter 5, and reach- 
es a bandpass filter 8 that uses a wavelength filter, in 
other words, a thin film device of dielectric. After that, a 
light detector PD1 receives transmitted light that has 
been transmitted through a shoulder slope portion in 

10 transmission characteristics of the bandpass filter. On 
the other hand, a light detector PD2 receives reflected 
light of the bandpass filter 8. In this example, a photo- 
current difference signal between the light detector PD1 
and the light detector PD2 is treated as a signal for de- 

15 tecting a wavelength shift. By the way, a reference 
number 7 is an optical fiber; a reference number 9 is an 
output-ratio calculating means; and a reference number 
1 0 is a wavelength controlling means. 
[0004] This example uses a bandpass filter having a 

20 single transmission peak. However, only one kind of 
bandpass filter cannot handle a different wavelength 
channel. For this reason, in orderto handle the ITU-TS 
grid wavelength channel described above, as many 
bandpass filters having a different bandpass as a 

25 number of channels are required. Producing those 
many filters results in complicated production control, 
which is not realistic. 

[0005] In addition, as clearly shown in Fig. 1 , this ex- 
ample has the following mechanism: preparing a wave- 

30 length locker module separately from the optical-fiber 
transmitter module comprising the laser light source; 
branching a portion of light of the optical-fiber transmit- 
ter module and introducing it into the wavelength locker 
module to detect a wavelength shift: and giving its feed- 

35 back to the laser light source in the optical-fiber commu- 
nication module. 

[0006] In this case, integrating the wavelength locker 
module into the laser light source module and building 
the wavelength locker module into the laser light source 
40 module enables us to achieve higher cost performance. 
In addition, regarding to the laser light source module, 
concurrently preparing monitoring-lightfor keeping afib- 
er output constant is required. 

[0007] Moreover, an example showing that a wave- 
rs length-locking portion is built into a laser module is de- 
scribed in Japanese Patent Application Laid-Open No. 
Hei 1 0-79723. Additionally, as shown in Fig. 2, because 
an etalon 18 is used as a wavelength filter, a transmis- 
sion peak appears repeatedly in response to an order 
so of multiple interference. Because of it, one wavelength 
filter permits a plurality of wavelength channels to be 
wavelength -locked. To be more specific, a parallel plane 
plate (etalon) 18 is located at a tilt in a divergent light 
path from a laser light source 12. Twin light detectors 20 
55 and 22, which are placed immediately behind the paral- 
lel plane plate : split and receive transmitted light. A 
photocurrent difference between them is a wavelength- 
shift detecting signal 28. By the way, in the diagram, a 
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reference number 16 is an optical lens; a reference 
number 12 Is a laser emitting source; and a reference 
number 1 4 is a diode laser edge. 
In this case, each of the light that reaches the twin light 
detectors 20 and 22 must have a different light path 5 
length each other when passing through an etalon. In 
other words, the etalon requires incidence of divergent 
light orconvergent light. That is because: regarding par- 
allel plane waves, there is no light-path difference, re- 
sulting in the same signal; therefore, no difference signal 
is detected between the twin light detectors. 
[0008] In reality, it is a well-known fact that when an 
etalon receives incidence of divergent light, finesse (de- 
scribed later) of the etalon decreases effectively. In ad- 
dition, because the etalon is located at a tilt, a number 
of multiple reflection at the etalon decreases, causing 
effective decrease of finesse. The decrease of the ef- 
fective finesse lowers a resolution of etalon, which caus- 
es wavelength locking accuracy to be lowered. Moreo- 
ver, quantity of divergent light that reaches the twin light 
detectors 20 and 22 decreases, resulting in lower optical 
efficiency of laser light. In addition, as regards the laser 
light source module, concurrently preparing monitoring- 
light for keeping a fiber output constant is required. 

SUMMARY OF THE INVENTION 

[0009] Embodiments of the present invention provide 
an optical system and its control system, which lock 
each lasing wavelength of a laser light source to a spec- 
ified value. This optical system can be separately oper- 
ated as a wavelength locker module; it can also be built 
into an optical-fiber transmitter module comprising a la- 
ser light source. 

[0010] As regards Wavelength Division Multiplexing 
optical-fiber communication systems, increase of com- 
munication capacity by increasing wavelength multiplic- 
ity is inevitably required. Under such circumstance, it is 
strongly required that crosstalk between wavelength 
channels caused by the narrowband wavelength-chan- 
nel interval is eliminated. That is to say, as a more spe- 
cific technology, a device, which detects a wavelength 
shift of a laser light source to give its feedback to the 
laser light source and locks laser wavelengths with high 
accuracy and with high optical efficiency, is built into a 
module. Moreover, wavelength locking is required 
throughout a broad wavelength portion corresponding 
to the ITU-TS grid. 

[0011] As a wavelength filter for detecting a wave- 
length shift, there is the Fabry Perot etalon described 
above. However, we should make full use of perform- 
ance of the etalon from the viewpoints of: resolution of 
wavelength selection; optical efficiency; increase in 
density of implementation into a laser light source mod- 
ule; mechanical stability; compensation for a locking- 
wavelength shift caused by a change in temperature; 
and the like. 

[0012] Furthermore, the etalon is a kind of parallel 



plane plates. Because of it, when the etalon is placed in 
parallel luminous flux, its reflected light returns the laser 
light source, which constitutes a second resonator. As 
a result, laser mode competition causes fluctuations of 
a laser output. 

[0013] The embodiments according to the present in- 
vention solve the technical problems described above. 
[001 4] A first typical aspect of the present invention is 
optical-fiber communication equipment comprising at 
least, a laser light source, a means for changing light of 
the laser light source to a parallel plane wave to form a 
parallel light path, a wavelength selection means, and 
a plurality of light detectors, wherein: 

said wavelength selection means is located in the 
parallel light path; 

said wavelength selection means has at least two 
transmission bands; 

the parallel plane wave is divided into at least two 
pieces of light including light that is transmitted 
through said wavelength selection means of the 
parallel plane wave and light that passes through a 
medium having optical characteristics different from 
that of the light transmitted through the wavelength 
selection means; 

the plurality of light detecting means detects each 
of the light; and 

a given signal based on a difference signal between 
photocurrents, which have been output from the 
plurality of light detecting means, is supplied to said 
laser light source as feedback. 

[0015] A second typical aspect of the present inven- 
tion is optical-fiber communication equipment compris- 
ing at least, a laser light source, a means for changing 
light of the laser light source to a parallel plane wave to 
form a parallel light path, a wavelength selection means, 
and a plurality of light detectors, wherein: 

said wavelength selection means is located in the 
parallel light path; 

said wavelength selection means has at least two 
transmission bands; 

the parallel plane wave is divided into at least two 
pieces of light including light that is transmitted 
through said wavelength selection means of the 
parallel plane wave and light that is not transmitted 
through said wavelength selection means; 
the plurality of light detecting means detect each of 
the light; and 

a given signal based on a difference signal between 
photocurrents, which have been output from the 
plurality of light detecting means, is supplied to said 
laser light source as feedback. 

[0016] In the embodiments of the present invention, 
how much an emitting wavelength of the laser light 
source is shifted from a desired lasing wavelength is de- 
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tected. Therefore, by changing the laser light source so 
that the difference signal becomes zero or a constant 
value, it is possible to eliminate the shift of the emitting 
wavelength from the desired lasing wavelength. Also in 
other aspects and embodiments according to the 
present invention described below, a method for elimi- 
nating a lasing-wavelength shift is basically similar to 
that described above. 

[0017] In the present invention, parallel plane waves 
are used. Therefore, when taking several measures to 
detect a wavelength, there is less loss of light, which 
ensures extremely high optical efficiency. On the other 
hand, if divergent light is used, light divergence causes 
a loss of light, resulting in low optical efficiency. 
[0018] In addition, as preferred measures, a change 
in transmission characteristics of the wavelength selec- 
tion means due to temperature is compensated. In its 
typical example, an information storing component is lo- 
cated in optical-fiber communication equipment, and a 
laser light source has a temperature detecting means. 
On the other hand, the information storing component 
stores temperature characteristics of light transmission 
portion of the wavelength selection means. A lasing- 
wavelength shift of the laser light source from a desired 
wavelength is compensated according to a signal from 
the temperature detecting means and the stored tem- 
perature characteristics of light transmission portion of 
the wavelength selection means. This method is ex- 
tremely useful for compensating a shift from a channel 
grid wavelength of Wavelength Division Multiplexing op- 
tical-fiber communication described later. As regards 
said division of the parallel plane wave, atypical exam- 
pie is that both transmitted light and reflected light of the 
wavelength selection means are provided, or that a 
means for dividing a transmitted light's light path into a 
plurality of paths is provided. Specific dividing methods 
are described later. 

[001 9] Such configuration permits lasing wavelengths 
of a laser light source to be fixed with extreme accuracy. 
This configuration uses parallel light as described 
above, which ensures extremely high optical efficiency. 
Therefore, it is possible to achieve extremely high ac- 
curacy for its control. 

[0020] As said laser light source, a diode laser device 
having a normal A PC (Automatic Power Control) or a 
diode laser device having a wavelength controlling 
means in the device itself can be used. In the diode laser 
device having a wavelength controlling means in the de- 
vice itself shown as an example, a local temperature 
controlling means (for example, a heater) is located in 
proximity to a laser lasing portion, and this temperature 
control prevents lasing frequencies of laser lasing from 
varying. There is also another example: refractive index 
modulation portion for controlling laser lasing wave- 
lengths is located in proximity to a laser lasing portion; 
a local temperature controlling means (for example, a 
heater) is located in proximity to the refractive index 
modulation portion; and this temperature control pre- 



vents lasing frequencies of laser lasing from varying. 
There is also another example: a current applying 
means is provided in this refractive index modulation 
portion to modulate a refractive index by injection cur- 

5 rent. Examples of the diode laser device having a wave- 
length control means are described in detail in descrip- 
tion of the preferred embodiments. In the embodiments 
of the present invention, the signal based on a difference 
signal between the photocurrents is supplied to the var- 

io ious iaser-wavelength controlling means as feedback. 
Application of the present invention using such wave- 
length-variable diode laser device enables control with 
higher accuracy and fineness. 

[0021] In addition, generally, the diode laser device 

15 has a means for controlling the device's temperature. 
The signal based on a difference signal between the 
photocurrents can be supplied to this temperature con- 
trolling means as feedback. This method enables us to 
realize more stable lasing as compared with simple 

20 feedback to APC described above. Atypical example of 
the means for controlling temperature of the diode laser 
device is for example a Peltier cooler. The diode laser 
device is usually put on the top of this Peltier cooler. 
[0022] As the means for changing light of a laser light 

25 source to a parallel plane wave to form a parallel light 
path, general collimator elements including for example 
aspherical lens, lens assemble, ball lens : and selfoc 
lens can be used with satisfaction. Regarding the par- 
allel plane wave, it is desirable to have flatness that is 

30 ten times or less a wavelength, taking the object of the 
present invention into consideration. 
[0023] As the parallel plane wave, there are light that 
is emitted in a direction of information transmission, and 
light that is emitted in its opposite direction. The opticai- 

35 fiber communication equipment can be configured using 
any of the light. Additionally, regarding a connection 
from the diode laser device to the means for forming a 
parallel light path, light may be directly introduced into 
the means, or a desired optical component may be lo- 
cated between them. However, when applying the 
present invention, in either case, a desired module can 
be configured as necessary. What is required in the 
present invention is that light from the diode laser device 
can be changed to a parallel plane wave. 

45 [0024] A typical example of said wavelength selection 
means having at least two transmission bands is a 
wavelength-selection transmission type filter having a 
Fabry Perot structure. A typical example of the filter is 
a Fabry Perot etalon (generally, it is simply called 'etalon' 

50 for short; also in the specification of the present inven- 
tion, hereinafter it is simply referred to as 'etalon'). There 
are several kinds of Fabry Perot interference type 
etalons: an etalon of which a physical distance between 
reflection films is fixed; an etalon of which the distance 

55 is variable by PZT driving. In addition, the etalon is also 
divided into two groups: an etalon in which a material 
between the reflection films is a gas; and an etalon in 
which the material is a solid matter. The former is called 
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air space type or air gap type; the latter is called solid 
type. Basically, the present invention can be applied to 
any type. 

[0025] As a Fabry Perot type etalon, a configuration 
described below is extremely useful for fixing a plurality 
of wavelengths of a laser light source to given wave- 
lengths. To be more specific, the following settings are 
provided: a refractive index of an etalon medium is with- 
in a range of 1 .0 to 4.0; surface reflectivities of both re- 
flection planes of the medium are within a range of 20 
to 70%; and a thickness of the medium is set so that a 
plurality of light transmission portions having desired 
wavelengths are generated at given wavelength inter- 
vals, and that one of the plurality of light transmission 
portions corresponds to an emitting wavelength desired 
by the laser light source. In this connection, although it 
depends on designs of members for light detection as 
a matter of course, for said surface reflectivities of both 
reflection planes of the medium , a range from 20 to 50% 
is generally advantageous to error-signal detection. 
That is because a change in transmission characteris- 
tics of the etalon by a change in wavelength results in a 
large portion for use. 

[0026] Using this configuration, the etalon permits all 
of a plurality of transmitting wavelengths to be kept a 
constant value. Among other things, by matching trans- 
mission characteristics of the etalon with a channel grid 
in Wavelength Division Multiplexing optical-transmis- 
sion, wavelength stabilization with high accuracy can be 
achieved extremely simply and easily. Moreover, re- 
gardless of using a plurality of wavelengths, the etalon 
enables easy implementation to a usual module. 
[0027] Furthermore, when associating an emitting 
wavelength of the laser light source with the light trans- 
mission portion provided by the wavelength selection 
means, it is more desirable to equate it to an emitting 
wavelength corresponding to a desired wavelength that 
is shifted to the highest transmittance wavelength por- 
tion in this transmission portion. This embodiment can 
be said to be more practical. That is because if an emit- 
ting wavelength of the laser light source exists in a por- 
tion where a relation between a light wavelength and the 
transmission characteristics has a steep gradient, a shift 
of the emitting wavelength can be detected more effec- 
tively. In other words, this means that a wavelength res- 
olution is higher than other means. If a relation between 
a light wavelength and the transmission characteristics 
of the wavelength selection means shows relatively flat 
characteristics, a change in photocurrent by a shift of 
the emitting wavelength is relatively small. 
[0028] As described above, in the present invention, 
it is required that the parallel plane wave is divided into 
at least two pieces of light including light that is trans- 
mitted through said wavelength selection means and 
light that passes through a medium having optical char- 
acteristics different from that of the light transmitted 
through the wavelength selection means. As a means 
for passing the parallel plane wave through the medium 



having optical characteristics different from that of the 
light transmitted through the wavelength selection 
means, several methods are considered. In this case, 
toe 'medium having optical characteristics different from 
5 that of the light transmitted through the wavelength se- 
lection means' means a light path containing a reflector, 
a light-path dividing means, or a light path in which they 
are combined, if the medium as the light path is a trans- 
lucent solid medium, air or gas. What is required is that 
the light path can obtain light intensity different from that 
of the light transmitted through the wavelength selection 
means. By the way, the light path using air as a media 
means a light path in a general space. If an example of 
a light-path dividing means described below is allowed 
for, its meaning can be sufficiently understood. 
[0029] As the light-path dividing means, using a usual 
light-path dividing means is sufficient. Its typical exam- 
ples are an amplitude-dividing beam splitter and a wave- 
front-dividing beam splitter. 

[0030] In addition, for the purpose of dividing the light 
path into two or more, several methods are considered. 
Their typical examples are listed as below. From a first 
to a fifth example are examples in a case where the am- 
plitude-dividing beam splitter is used as a light-path di- 
viding means; and a sixth example is an example in a 
case where the wavefront-dividing beam splitter is used. 
[0031 ] The first example is: a light path is divided into 
reflected light of said light-path dividing means and 
transmitted light of the light-path dividing means; this 
transmitted light of the light-path dividing means is in- 
troduced into the wavelength selection means; and then 
a difference signal is obtained from transmitted light of 
the wavelength selection means and said reflected light 
of the light-path dividing means. 

[0032] The second example is: a light path is divided 
into reflected light of said light-path dividing means and 
transmitted light of the light-path dividing means; this 
transmitted light of the light-path dividing means is in- 
troduced into the wavelength selection means; and then 
a difference signal is obtained from reflected light of the 
wavelength selection means and said reflected light of 
the light-path dividing means. 

[0033] The third example is: a light path is divided into 
transmitted light of said light-path dividing means and 
reflected light of the light-path dividing means; this re- 
flected light of the light-path dividing means is intro- 
duced into the wavelength selection means; and then a 
difference signal is obtained from transmitted light of the 
wavelength selection means and said transmitted light 
of the light-path dividing means. 

[0034] The fourth example is: a light path is divided 
into transmitted light of said light-path dividing means 
and reflected light of the light-path dividing means; this 
reflected light of the light-path dividing means is intro- 
duced into the wavelength selection means; and then a 
difference signal is obtained from reflected light of the 
wavelength selection means and said transmitted light 
of the light-path dividing means. 
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[0035] The fifth example is: reflected light of said light- 
path dividing means is introduced into the wavelength 
selection means; and then a difference signal is ob- 
tained from transmitted light of the wavelength selection 
means and reflected light of the wavelength selection 
means. 

[0036] The sixth example is: a wavefront is divided in- 
to two; a first portion of this divided wavefront is intro- 
duced into the wavelength selection means; and then a 
difference signal is obtained from transmitted light of the 
wavelength selection means and light intensity of a sec- 
ond portion of said divided wavefront. 
[0037] The seventh example is: a wavefront is divided 
into two; a first portion of this divided wavefront is intro- 
duced into the wavelength selection means; and then a 
difference signal is obtained from reflected light of the 
wavelength selection means and light intensity of a sec- 
ond portion of said divided wavefront. 
[0038] A third typical aspect of the present invention 
is optical-fiber communication equipment comprising at 
least, a laser light source, a means for changing light of 
the laser light source to a parallel plane wave to form a 
parallel light path, a wavelength selection means, and 
a plurality of light detectors, wherein: 

said wavelength selection means is located in the 
parallel light path; 

said wavelength selection means has a plurality of 
light transmission portions existing at given wave- 
length intervals; 

an emitting wavelength of said laser light source is 
equivalent to one of the light transmission portions 
provided by the wavelength selection means; 
the parallel plane wave is divided into at least two 
pieces of light including light that is transmitted 
through said wavelength selection means of the 
parallel plane wave; and light that passes through 
a medium having optical characteristics different 
from that of the light transmitted through the wave- 
length selection means; 

the plurality of light detecting means detects each 
of the light; and 

a given signal based on a difference signal between 
photocurrents, which have been output from the 
plurality of light detecting means, is supplied to said 
laser light source as feedback. 

[0039] Using this embodiment enables the following 
applications from a new viewpoint. A second main view- 
point of the present invention is a method by which a 
free spectral range of said wavelength selection means 
is matched with a channel grid interval of Wavelength 
Division Multiplexing optical-fiber communication and 
then a wavelength of the laser light source is changed 
so that this wavelength is fixed to a desired value of the 
grid. 

An important point of this example is that a free spectral 
range of the wavelength selection means can be 



matched with a channel grid interval of Wavelength Di- 
vision Multiplexing optical-fiber communication. By uti- 
lizing this for wavelength locking of the laser light 
source, it is possible to equate an emitting wavelength 
5 of the wavelength-control laser device to a channel grid 
of Wavelength Division Multiplexing optical-fiber com- 
munication with higher accuracy and simplicity. By the 
way, the method for fixing an emitting wavelength of the 
laser light source can be applied in the same manner as 
that described in the first embodiment. 
[0040] In addition, for this embodiment, a laser light 
source or a diode laser device, which comprises a plu- 
rality of lasing portions that enable lasing with a plurality 
of lasing wavelengths, can be used. 
[0041] In this case, corresponding to each lasing por- 
tion, the measures to fix an emitting wavelength as de- 
scribed above are taken. In this embodiment, a free 
spectral range of the wavelength selection means is 
matched with a channel grid interval of Wavelength Di- 
vision Multiplexing optical-fiber communication. There- 
fore, only one wavelength selection means provides 
measures to fix a plurality of lasing wavelengths. In this 
embodiment, extremely simply measures are taken. 
[0042] A third main viewpoint of the present invention 
is: 

said laser light source is located at a position that is shift- 
ed from an optical axis of a means for changing light of 
the laser light source to a parallel plane wave to form a 
parallel light path; or a normal line of an incident end 
face for said wavelength selection means or the laser- 
light dividing means is located so that the normal line 
crosses the optical axis of the means for changing light 
of the laser iight source to a paraHel plane wave to form 
a parallel light path. 

[0043] The most typical means for changing a laser 
light source to a parallel plane wave is a collimator ele- 
ment. If the third viewpoint of the present invention is 
more specifically described from this standpoint, said la- 
ser light source is located at a position that is shifted 
from an optical axis of the collimator element, or a nor- 
mal line of an incident end face for each of said wave- 
length selection means and said laser-light dividing 
means is slanted off from the optical axis of the collima- 
tor element so that reflected light from each of the optical 
element edges does not return to the laser light source. 
Using this embodiment in combination with the first or 
the second embodiment provides an extremely useful 
embodiment for practical use. 

[0044] In addition, the optical-fiber communication 
equipment according to the present invention is a laser 
device handling extremely stable lasing wavelengths, 
which is useful for-various kinds of optical systems. 
Among other things, the optical-fiber communication 
equipment according to the present invention is useful 
when it is applied to Wavelength Division Multiplexing 
optical-fiber communication systems. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0045] 

Fig. 1 is a configuration diagram illustrating a con- 
ventionally known wavelength-control light source; 
Fig. 2 is a diagram illustrating an example of a wave- 
length monitoring control device for a Wavelength 
Division Multiplexing optical-fiber communication 
system that uses an etalon; 

Fig. 3A is a sectional view illustrating a condition of 
light by an etalon; 

Fig. 3B is a diagram illustrating an example of a re- 
lation between phase difference and transparent 
light regarding an etalon; 

Fig. 4 is a diagram illustrating an example of a re- 
lation between temperature and a lasing wave- 
length in a semiconductor laser device; 
Fig. 5 is a configuration diagram illustrating an ex- 
ample of a wavelength-control light source accord- 
ing to the present invention; 
Fig. 6 is a diagram illustrating an example of rela- 
tions between a wavelength difference and a error 
signal in an exemplified module of the present in- 
vention; 

Fig. 7 is a diagram illustrating an example of a con- 
dition of an external resonator in a semiconductor 
laser device; 

Fig. 8A is a diagram illustrating an example of rela- 
tions among a semiconductor laser device, a colli- 
mator lens, and a light detector; 
Fig. 8B is a diagram illustrating another example of 
relations among a semiconductor laser device, a 
collimator lens : and a light detector; 
Fig. 9 is a diagram illustrating an example of place- 
ment of a wavelength-locking optical system ac- 
cording to the present invention; 
Fig. 10 is a configuration diagram illustrating anoth- 
er example of a wavelength-control light source ac- 
cording to the present invention; 
Fig. 11 is a configuration diagram illustrating anoth- 
er example of a wavelength-control light source ac- 
cording to the present invention; 
Fig. 12 is a diagram illustrating an example of rela- 
tions between a phase difference and reflection 
light regarding an etalon: 

Fig. 13 is a diagram illustrating an example of rela- 
tions among phase difference, reflection light, and 
transmission light regarding an etalon; 
Fig. 1 4 is a configuration diagram illustrating anoth- 
er example of a wavelength-control light source ac- 
cording to the present invention; 
Fig. 15 is a diagram illustrating another example of 
placement of a wave length -locking optical system 
according to the present invention; 
Fig. 16 is a diagram illustrating another example of 
placement of a wavelength-locking optical system 
according to the present invention; 



Fig. 17 is a diagram illustrating another example of 
placement of a wavelength-locking optical syste>m 
according to the present invention; 
Fig. 1 8 is a diagram illustrating an example of rela- 
5 tions between phase difference and transmission 

light regarding an etalon; 

Fig. 1 9 is a diagram illustrating another example of 
placement of a wavelength-locking optical system 
according to the present invention; 

10 Fig. 20 is a plan view illustrating an example of a 
wavelength -variable semiconductor laser device; 
Fig. 21 is a sectional view illustrating an example of 
an etalon of which temperature coefficient is zero; 
Fig. 22 is a diagram illustrating a relation between 

15 a wavelength-variable method according to the 
present invention and ITU-TS grid; 
Fig. 23 is a diagram illustrating another example of 
placement of a wavelength-locking optical system 
according to the present invention; 

20 Fig. 24 is a plan view illustrating an example of a 
wavelength control module's subassembly accord- 
ing to the present invention; 
Fig. 25 is a plan view illustrating an implementation 
example of a wavelength control module according 

25 to the present invention; 

Fig. 26 is a plan view illustrating a configuration ex- 
ample of a wavelength control module according to 
the present invention; 

Fig. 27 is a plan view illustrating an example of a 
30 wavelength-control semiconductor laser device as- 
sociated with the present invention; 
Fig. 28 is a sectional view illustrating an example of 
a wavelength-control semiconductor laser device 
associated with the present invention; 
35 Fig. 29 is a plan view illustrating an example of a 

control system of a wavelength-controi semicon- 
ductor laser device associated with the present in- 
vention; 

Fig. 30 is a plan view illustrating another example 
40 of a control system of a wavelength -control semi- 
conductor laser device associated with the present 
invention; and 

Fig. 31 is a basic configuration diagram illustrating 
an example of an optical system. 

45 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0046] Before explaining embodiments of the present 
50 invention, main embodiments of the present invention 
are summarized as below. After that, a specific config- 
uration of a Fabry Perot type etalon, which is a main 
component of the present invention, is described in de- 
tail beforehand. 
55 [0047] A first embodiment of the present invention is 
optical-fiber communication equipment, wherein: 

divergent light, which has been introduced directly 
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or indirectly from a backward position or a forward 
position of a wavelength-variable laser light source 
or a light source where a modulator of the wave- 
length-variable laser light source is integrated, is 
changed to a parallel plane wave having flatness 
ten times or less as much as a wavelength by a col- 
limator element to form a parallel light path; 
a wavelength filter having at least two or more trans- 
mission peaks is located in said parallel light path; 
transmitted light or reflected light of said wavelength 
filter is divided by a light-path dividing means; 
said divided light is introduced into a plurality of light 
detectors; 

shifted quantity of a lasing- wavelength of said laser 
light source is detected by a difference between 
photocurrents passing through each of said light de- 
tector; 

a means for controlling a wavelength of the laser 
light source is provided so that the difference be- 
tween the photocurrents becomes a constant value; 
and said laser light source is located at a position 
that is shifted from an optical axis of the collimator 
element, or a normal line of an incident end face for 
said wavelength filter or said laser-light dividing 
means is slanted off from the optical axis of the col- 
limator element so that reflected light from each of 
the optical element edge does not return to the laser 
light source. 

[0048] A second embodiment of the present invention 
is optical-fiber communication equipment according to 
the present invention, wherein: 

said wavelength filter is a Fabry Perot type etalon ; 
and the light-path dividing means located in the parallel 
light path is an amplitude-dividing beam splitter. This is 
a typical example for practical use. 
[0049] A third embodiment of the present invention is 
optical-fiber communication equipment according to the 
present invention, wherein: 

said optical-fiber communication equipment com- 
prises a means for matching a free spectral range of the 
Fabry Perot etalon with a channel grid interval of Wave- 
length Division Multiplexing optical-fiber communica- 
tion, and for changing a wavelength of the laser light 
source so that this wavelength is fixed to a given value 
of the grid. 

[0050] The emitting wavelength of the laser light 
source has been considered up to this point. A fourth 
embodiment of the present invention is measures to 
control a light output of the laser light source. Generally, 
such light output is monitored by light that is emitted from 
an edge opposite to a light output used for information 
exchange. However, if embodiments shown in the 
present invention are used, it is advantageous to keep 
a light output of the laser light source constant so that a 
photocurrent passing through at least one of the plurality 
of light detectors or a sum of photocurrents passing 
through at least two of the light detectors becomes con- 



stant. 

[0051] A fourth embodiment of the present invention 
is optical-fiber communication equipment according to 
the present invention, wherein: 

5 

said wavelength filter is a Fabry Perot etalon having 
a taper of a wavelength level for the laser light 
source, or a Fabry Perot etalon constructed of two 
parallel plane plates, which are made from glass 
10 materials having a different refractive index each 
other and are connected together in a direction of a 
plane; and 

said optical-fiber communication equipment com- 
prises a means for: 

15 

configuring said wavelength filter so that a light- 
path difference is generated between parallel 
plane waves passing through different posi- 
tions of an incidence plane of the etalon; 
20 dividing transmitted light of the Fabry Perot 

etalon spatially; and 

introducing the divided light into two light detec- 
tors respectively. 

25 [0052] A fifth embodiment of the present invention is 
optical-fiber communication equipment according to the 
present invention, wherein: 

said Fabry Perot etalon has a structure including 
at least two transparent plates, by which a product of a 
30 refractive index and a length for one transparent plate 
reverses in sign as compared with the product for the 
other transparent plate: and thereby a change in light- 
path difference of light, which pass through the Fabry 
Perot etalon, caused by temperature is decreased. 
35 [0053] A sixth embodiment of the present invention is 
optical-fiber communication equipment according to the 
present invention, wherein: 

said optical-fiber communication equipment com- 
prises a means for: 

40 

matching a free spectral range of the Fabry Perot 
etalon with a channel grid interval of Wavelength Di- 
vision Multiplexing optical-fiber communication; 
storing temperature characteristics of transmission 
45 peaks of the Fabry Perot etalon into a semiconduc- 
tor memory; and 

compensating a shift of an emitting wavelength of 
said wavelength-variable laser light source from a 
channel wavelength of said Wavelength Division 
50 Multiplexing optical-fiber communication by a signal 
from a temperature detector. 

[0054] A seventh embodiment of the present inven- 
tion is optical-fiber communication equipment according 
55 to the present invention, wherein: 

the temperature characteristics of transmission 
peaks of the Fabry Perot etalon is compensated by set- 
ting a thickness of said Fabry Perot etalon, which is de- 
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termined by a channel grid interval of Wavelength Divi- 
sion Multiplexing optical-fiber communication, to a value 
that is shifted from a free spectral range. 
[0055] An eighth embodiment of the present invention 
is optical-fiber communication equipment according to 
the present invention, wherein: 

a portion or all of said laser-wavelength controlling 
means is built into a laser-light-source module package. 
[0056] A ninth embodiment of the present invention is 
optical-fiber communication equipment according to the 
present invention, wherein: 

a plurality of laser light sources having said laser- 
wavelength controlling means are located in parallel; 
and said optical-fiber communication equipment com- 
prises a means for combining variable-wavelength por- 
tions covered by each laser light source. 
[0057] Next, a specific configuration of a Fabry Perot 
type etalon is described in detail beforehand. Fig. 3 is a 
diagram used for explaining a principle of an etalon, 
which is applied to the present invention. The diagram 
illustrates a cross section of a basic element and a con- 
dition of light. A basic configuration of the etalon is a 
parallel plane plate having high parallelism as well as 
high flatness. Between reflection planes, in other words, 
between translucent films, a gas or a solid matter is 
placed. To be more specific, the etalon is an optical res- 
onator comprising a pair of opposed layers having a high 
reflectivity, between which a medium is sandwiched as 
a spacer. Its specific configuration is, for example, a res- 
onator using a glass substrate as a base, on which each 
layer of a reflector, a spacer, and a reflector is laminated 
one by one. Another example is a resonator using a 
glass substrate as a base; on both sides of the glass 
substrate, a reflector layer is formed. The etalon asso- 
ciated with the present invention is a wavelength -selec- 
tion transmission type filter. It is important for the etalon 
to have two or more transmission bands. As regards this 
point, basic characteristics of the etalon are different 
from those of a bandpass filter using so called a inter- 
ference-film multilayer filter that is conventionally 
known. 

[0058] Light, which has been transmitted through this 
etalon, generates a peak repeatedly for a shift of that 
wavelength. Light 100, which reaches the etalon at an 
incident anglee, is reflected by two surfaces of an etalon 
101 repeatedly and many times. In Fig. 3A, A1 and A2 
exemplify positions of the incident light. In addition, B1 
and B2 shown in Fig. 3A exemplify positions through 
which light T1 and T2 are transmitted. R1 and R2 ex- 
emplify reflected light. As a result of interference of 
many generated wavefronts, the following transmitted 
light l t is obtained: 

l t =1/(1+Fsin 2 (4))) (1) 

where 



F-4R/(1-R) 2 (2), 

and 

5 

4 = (2nnVX) cose' (3) 

Moreover, R is surface reflectivity of each side 1,2 of 
10 the etalon 1 01 ; n is a refractive index of the etalon; t is 
a thickness of the etalon; X is a light wavelength; and e* 
is an angle given by light in the etalon. 
[0059] Here, Sn el I laws of refraction holds as below. 

15 

sine = nsine 1 (4) 

[0060] Fig. 3B is a graph of the equation (1) using sur- 
face reflectivity R as a parameter. 
20 [0061] In Fig. 3B, a vertical axis is intensity of trans- 
mitted light (arbitrary unit), and a horizontal axis is a 
phase difference. This phase difference is expressed in 
2%(nt/k) cos (6/n). 

[0062] At this point, finesse €> is defined as a param- 
25 eter that expresses sharpness of resonance of the 
etalon. 

<E> = (7C VF )/2 (5) 

30 

[0063] In addition, an interval between repeated 
peaks is called FSR (Free Spectral Range). 
[0064] As a wavelength range: 

35 

FSR = A, 2 /2nt (6) 
[0065] As a frequency range: 

40 

FSR = c/2nt (7) 
(where c is speed of light) 

[0066] There is the following relation between finesse 
45 O and FSR: 

<J>=FSR/e (8) 

50 where e is a half-width of a transmission peak. 

[0067] Therefore, designing a etalon's thickness t, a 
refractive index n, and surface reflectivity R permits FSR 
to match with ITU-TS grid. 

[0068] Matching FSR with ITU-TS grid enables us to 
detect an wavelength error by wavelength selection 
characteristics having desired sharpness over a wide 
wavelength range. 
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[0069] For this purpose, in particular, the following 
ranges are often used: a refractive index of an etalon's 
medium ranging from 1 .0 to 4.0; and surface reflectivi- 
ties of both reflection planes of said medium ranging 
from 20 to 70%. Moreover, determining a thickness of 
said medium by t = c/(2n-FSR) enables us to obtain an 
etalon of which FSR corresponds to ITU-TS grid. In this 
manner, generating a plurality of light transmission por- 
tions having desired wavelengths at given wavelength 
intervals permits one of the plurality of light transmission 
portions to be equivalent to an emitting wavelength de- 
sired by the laser light source. By the way, a thickness 
of an etalon's medium often ranges approximately from 
0.1 to 10 mm. As mentioned above, a range of surface 
reflectivity from 20 to 50% is more practical. 
[0070] A second factor constituting a problem solving 
means of the present invention is a laser light source. 
As Is the case with a semiconductor laser for example, 
a wavelength of a laser light source can be changed by 
changing a driving current or an operation temperature. 
Fig. 4 is a diagram illustrating an example of a relation 
between temperature and lasing wavelength regarding 
a semiconductor laser. This laser's lasing wavelength 
corresponds to the ITU-T grid described above. A ver- 
tical axis is indicated as the ITU-T grid for this purpose. 
As regards a general semiconductor laser, increase in 
temperature by 1°C changes a wavelength by 0.1 nm 
as shown in Fig. 4. In the present invention, a laser light 
source like this, which is capable of changing an emitting 
wavelength, is used. As a laser light source, divergent 
light from a backward position or a forward position of a 
laser light source, where a modulator for modulating its 
lasing intensity is integrated, may be directly used; or 
divergent light, which has been introduced indirectly 
from the light source after passing through optical 
waveguides such as a fiber a modulator, and a switch, 
may be used. 

[0071] Fig. 5 shows a basic configuration of a problem 
solving means according to the present invention. To be 
more specific, divergent light from a laser light source 
100 such as the various laser light sources described 
above is condensed by a collimator 1 02, such as a lens, 
and an element comprising a diffraction grating, to form 
a f<pht path 103 as a parallel plane wave. Flatness of the 
obtained parallel plane wave must be at a maximum ten 
times or less as much as a wavelength on a wave ab- 
erration basis. A light-path dividing element 104, which 
is a component of the present invention, is located in a 
parallel luminous flux 1 03 obtained in this manner. In its 
branched light, a light detector 115 is located to monitor 
a light output from the laser light source 1 00. 
[0072] On the other hand, a wavelength filter 1 06 such 
as an etalon, which has two or more transmission peaks 
periodically, is located in transmitted light 105 of the 
light-path dividing element 104. A light detector 109 is 
placed behind the wavelength filter 106 to receive light 
107 of which a wavelength is selected. An error signal 
is generated by a difference between a photocurrent Pm 



supplied to the light detector 115 for monitoring a light 
output and a photocurrent Pt that is supplied according 
to the equation (1 ) to the light detector 1 09 for monitoring 
a wavelength placed behind the etalon 1 06. A given sig- 
5 nal is supplied to the laser light source 1 00 as feedback 
so that this value becomes zero or a constant value. 
[0073] That is to say, the error signal is expressed in 
the following equation: 

10 

A(X) = Pt - Pm (9) 

[0074] Fig. 6 illustrates the equation (9). A horizontal 
axis is a wavelength difference, and a vertical axis is an 
15 error signal (arbitrary unit). This is an example showing 
that an optical system for wavelength locking is located 
in front (a fiber side). 

[0075] As an error signal., the following signal, which 
is normalized by light quantity, can also be used: 

20 

A(X) = (Pt - Pm)/(Pt + Pm) (1 0) 

[0076] Additionally, in the present invention, as de- 
25 scribed later, a difference between reflected light and 
transmitted light from the etalon 106 can also be used 
as an error signal. 

[0077] Moreover, in actual signal processing, if a dif- 
ference signal is obtained from both signals based on 

30 the photocurrents, obtaining the difference signal by 
multiplying either or both of the signals by a desired co- 
efficient is also taken into consideration. For example, 
when transmitted light PD1 and reflected light PD2 are 
compared, a difference signal is defined as PD1 - aPD2, 

35 which is kept to be zero or a given value. 

[0078] Concerning the locations described above, 
when reflected light from surfaces of the light-path di- 
viding element 1 04 and the etalon 1 06 return to the laser 
light source 100, a second resonator for the semicon- 

40 ductor laser is formed outside, which causes a problem 
of laser output fluctuations. 

[0079] That is to say, Fig. 7 shows a relation between 
a resonator 190 of the semiconductor laser itself and a 
mirror 191 located outside of the resonator. In Fig. 7, 

45 both reflection plates of the resonator 1 90 are schemat- 
ically illustrated as 190-1 and 190-2. An upper portion 
of Fig. 7 shows a relation between this resonator and 
the mirror, and a lower portion shows a lasing condition. 
As soon as the outside mirror 191 is placed, an outside 

so resonator mode 1 93 is newly generated between a sem- 
iconductor-laser lasing mode 192 and the mirror 191 . 
Because these modes are within a range of a gain curve 
194 of the semiconductor laser, laser lasing may occur. 
This results in laser mode competition among many 

55 modes, causing the laser output fluctuations. The fluc- 
tuations are noise that is called feed back noise. 
[0080] Typical measures to solve this problem are a 
method as described below. To be more specific, a laser 
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light source is located at a position that is shifted from 
an optical axis of a means for changing light of the laser 
light source to a parallel plane wave to form a parallel 
light path; or a normal line of an incident end face for 
said wavelength selection means or the laser-light di- 
viding means is located so that the normal line crosses 
the optical axis of the means for changing light of the 
laser light source to a parallel plane wave to form a par- 
allel light path. 

[0081] As a first example, the laser light source 100 
is located at a position that is shifted from an optical axis 

197 of a collimator lens 196 as shown in Fig. 8A. This 
permits reflected feedback light from a reflected surface 

1 98 of the etalon or the light detector to be focused on 
an opposite side 199 of the optical axis. Thus, the re- 
flected light does not return to the laser light source 1 00. 
If a focal distance of the collimator lens 196 is f and a 
lasing size of laser is a, the laser light source is placed 
at a position that is shifted from the optical axis 197 of 
the collimator lens 1 96 by an angle 0. In this case, the 
angle G is determined by keeping a relation of fG > a. As 
a result of it, reflected light from the reflected surface 
198 is condensed at a position 199. 

[0082] A second example is a method in which a nor- 
mal line of the reflected surface 1 98 of the etalon or the 
light detector crosses the optical axis 1 97 of the collima- 
tor 1 96 at an angle e as shown in Fig. 8B. This prevents 
reflected feedback light from returning to the laser light 
source 100. As described above, the angle 6 may be 
determined in a manner similar to that of the first exam- 
ple. As a result of it, reflected light from the reflected 
surface 1 98 is condensed at the position 1 99. 
[0083] In addition, as another means of the present 
invention, the following means can be used: placing a 
Fabry Perot etalon having slight a taper into the parallel 
luminous flux; and receiving light using two light detec- 
tors that are placed immediately behind the Fabry Perot 
etalon. Fig. 1 7 shows a specific example of this method. 
[0084] In the case of Fig. 17, a thickness of an etalon 
701 varies. Although this example is provided for the 
purpose of addressing a problem described later, the ex- 
ample addresses the problem of reflected light ex- 
plained here at the same time. Concerning parallel light 
from a semiconductor laser source, reflected light from 
an inclined surface of the etalon does not return to the 
semiconductor-laser light source as a matter of course. 
The taper is required to be provided to such an extent 
that the reflected light does not return to a lasing spot 
of the laser light source. In this connection, there was 
an example of a conventional configuration in which an 
etalon with a shape of a parallel plate is located in a 
direction where the etalon is inclined at a certain angle. 
However, in this example, the etalon 701 has a taper at 
least on one surface. As a matter of course, both sur- 
faces may be provided with a taper. As measures 
against reflected light, this example enables extremely 
easy optical adjustment as compared with the conven- 
tional example described above, and is practical. In oth- 



er words, if the parallel-plate shaped etalon is placed at 
a tilt angle from the laser light source having divergent 
light, it is required to adjust two angles: a tilt angle of the 
parallel-plate shaped etalon; and a divergent angle of 
5 laser light. In this example, however, laser light is par- 
allel and at the same time a taper angle of the etalon is 
fixed. This enables us to obtain a laser module having 
few adjustment points and high accuracy at the time of 
device implementation. 
10 [0085] As described above, this example enables op- 
eration as below. Using the etalon with a taper causes 
a slight shift of a selected wavelength if a position 
through which light passes is different. When the wave- 
length of the laser light source is shifted, a photocurrent 
peak received by each light detector is also shifted. 
Therefore, an error signal of a wavelength shift is ob- 
tained by determining a difference between both photo- 
currents. Another means can also be used: instead of 
the taper etalon, connecting two kinds of plane plates, 
which have a different refractive index each other, to- 
gether on edges; and generating a light-path difference 
of light passing through each portion of the plane plates. 
Because a photocurrent peak received by each light de- 
tector is shifted when a wavelength of the laser light 
source is shifted, this means enables us to obtain an 
error signal of the wavelength shift in a similar manner 
by determining a difference between both photocur- 
rents. 

[0086] In this connection, if a wavelength of the laser 
light source is changed by temperature, a temperature 
of the etalon may also changes. In this case, the follow- 
ing problem arises: thermal expansion of the etalon or 
a change in refractive index due to temperature fluctu- 
ates a light-path length nt; and it causes a transmission 
peak wavelength of the etalon to be shifted, resulting in 
a shift from a given ITU-TS grid. In order to solve this 
problem, dividing the etalon to use the divided etalon in 
combination with a material, of which temperature fluc- 
tuation of light-path difference is negative, provides a 
means that prevents a transmission peak of the etalon 
from shifting even when temperature is changed. In ad- 
dition, storing temperature characteristics of the etalon 
into a semiconductor memory provides a means for 
locking a wavelength at a value that is compensated for 
each operation temperature. Moreover, creating an 
etalon in such a manner that its thickness t is slightly 
changed to permits FSR to be shifted from ITU-TU grid 
provides a method for compensating a shift of a trans- 
mission peak due to a change in temperature. 
[0087] Furthermore, because a wavelength-locking 
optical system according to the present invention ena- 
bles compact design, the optical system can be built into 
an optical-fiber communication module comprising a la- 
ser light source. Additionally, it is possible to prepare a 
light source for a high-capacity Wavelength Division 
Multiplexing optical communication system, which is ca- 
pable of locking and fixing a wavelength throughout a 
range of a wavelength portion wider than that of a single 
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laser light source, by: aligning a plurality of laser light 
sources, of which a wavelength-variable portion is con- 
tinuously linked one another, in parallel; and locating the 
wavelength-locking optical system according to the 
present invention before a position where light from the 5 
plurality of laser light sources are gathered into one fiber 
by a wavelength multiplexer. 

[0088] As described above, using a configuration 
comprising basic elements according to the present in- 
vention as a means for solving the problems enables us 10 
to exploit the full performance of the etalon. That is to 
say, the technical problems are solved, which could not 
be conventionally overcome from the viewpoints of: res- 
olution of wavelength selection; optical efficiency; in- 
crease in density of implementation into a laser light 15 
source module; mechanical stability; compensation for 
a locking-wavelength shift caused by a change in tem- 
perature; and the like. 

[0089] Fig. 9 is a schematic diagram of a main portion 
illustrating the first embodiment of the present invention. 20 
Fig. 9 shows a portion for detecting a wavelength shift 
of a light-source's lasing wavelength. Fig. 10 shows an 
example of a specific configuration for controlling the 
light-source's lasing wavelength according to a result of 
the detection. 25 
[0090] A wavelength-variable light source 100 is, for 
example, a DFB (Distributed Feed Back) type or a Fabry 
Perot type semiconductor laser. As another example, 
the wavelength-variable light source is a light source in 
which an electric-absorption type modulator is integrat- 30 
ed into DFB type semiconductor laser. In such wave- 
length-variable laser light source 1 00, an emitting wave- 
length X changes in response to a change in operation 
temperature T. 

Because of it, the wavelength-variable semiconductor 35 
laser device like this is capable of selecting a wave- 
length corresponding to ITU-TS grid by controlling op- 
eration temperature. 

[0091] This example shows detection of a lasing- 
wavelength shift of a laser light source by: dividing a light 40 
path of laser light; transmitting one of the light through 
an etalon; and measuring both intensities of light trans- 
mitted through the etalon and light that is not transmitted 
through the etalon. 

[0092] Light for information exchange 112 of the 45 
wavelength-variable laser light source 1 00 is collimated 
by a collimator 111, and combined into an optical fiber 
114 through a focus lens 113. Generally, this light is 
called front emitted light of the wavelength-variable la- 
ser light source 1 00. so 
T0093] A configuration of an optical system for wave- 
length locking is described as below. To be more spe- 
cific, the light for information exchange 112 of the wave- 
length-variable laser light source 1 00 and light on its op- 
posite side form parallel light 103 by means of a colli- 55 
mator 102. This parallel light has flatness that is at a 
maximum ten times or less as much as a wavelength on 
a wave aberration basis. Generally, said light for infor- 



mation exchange and the light on its opposite side are 
called back emitted light of the wavelength-variable la- 
ser light source 100. The parallel light 103, which has 
been obtained in this manner, is divided into transmitted 
light 105 and reflected light 116 by a light-path splitter 
104. As the light-path splitter 104, there is, for example, 
a light-path splitter having a configuration in which tri- 
angle prisms are connected together, or a light-path 
splitter having a configuration in which a dielectric thin 
film is coated on a parallel plane plate. 
[0094] The transmitted light 105 further reaches an 
etalon 106. As a result, each of light, which has been 
multiple-reflected inside the etalon, interferes one an- 
other, which produces a transmission peak expressed 
in the equation (1). This transmission peak appears re- 
peatedly in response to a change in wavelength. A spe- 
cific example of this change is exemplified in Fig. 3B. A 
peak interval of the transmitted light is called Free Spec- 
tral Range (its abbreviation is FSR) as described above, 
and expressed in said equation (6) and (7). Transmitted 
light 107 obtained in this manner is received by a light 
detector 1 09 and then is converted into a photocurrent. 
On the other hand, the reflected light 116 of the light- 
path splitter 104 is received by a light detector 115 and 
then is converted into a photocurrent. 
[0095] As a desired wavelength -error detecting sig- 
nal, as described above, an error signal A(X) is gener- 
ated by a difference between a photocurrent passing 
through the light detector 1 15 for monitoring a light out- 
put and a photocurrent passing through the light detec- 
tor 1 09 for monitoring a wavelength that is placed behind 
the etalon 106. 

[0096] The error signal A(X) is expressed in the fol- 
lowing equation: 

A(X) = Pt - Pm (9) 

[0097] in this connection, the following signal, which 
is normalized by light quantity, can also be used as an 
error signal: 

A{X) = (Pt - Pm)/(Pt + Pm) (1 0) 

[0098] In this case, intensity of light, which is trans- 
mitted through the etalon, can be expressed in the equa- 
tion (1) as described above. 

[0099] Fig. 6 illustrates the equation (9). In Fig. 6, a 
horizontal axis is wavelength difference (nm), and a ver- 
tical axis is error signal (arbitrary unit). Etalon's reflec- 
tivity R is used as a parameter for each curve. In other 
words, this is a specific example when the etalon's re- 
flectivities are 27, 35, 50, and 65%. However, in any of 
the reflectivities, an error signal has a periodical peak in 
characteristics in response to wavelength difference. 
[0100] Here, as described above, a ratio of a half- 
width of the etalon's transmission peak e to FSR is called 
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finesse <E>. There is the following relations between the 
finesse <I> and the etalon's reflectivity R: 

F = 4R/(1 - R) 2 (2) 



O = (n Jf )/2 (5) 



G> = FSR/e (8) 

[0101] Therefore, in order to obtain a sharp spectral 
characteristics 8 of the etalon, it is required that reflec- 
tivities of both surfaces of the etalon is high, and that 
reflections on both surfaces are caused many times re- 
peatedly. For this purpose, an angle of incident light to 
the etalon is required to be in close proximity to vertical. 
If the incident angle is not vertical, each reflection of re- 
flected light causes a shift. As a result, interference oc- 
curs only in a portion of a wavefront, which reduces an 
effective finesse. As this incident angle, an angle within 
about 5 degrees is used for practical. 
[0102] In this connection, surface reflectivity of the 
etalon is set taking a relation between implementation 
accuracy of the etalon and a ratio of a change in reflec- 
tivity into consideration. As it is found out from a diagram 
showing an example of characteristics, the higher the 
surface reflectivity becomes, the larger a difference sig- 
nal becomes in response to a change in wavelength. 
[0103] In addition, because it is required to take re- 
flected light from the etalon to introduce it into a light 
detector, the light-path splitter 104 is basically neces- 
sary. This is an important point of the present invention. 
[0104] Wavelength control using the wavelength error 
signal having high sensitivity, which has been obtained 
in this manner, is performed as below. 
[0105] Fig. 10 shows an example of a specif ic config- 
uration for controlling an emitting wavelength of a light 
source. In this connection, in Fig. 10, various kinds of 
members for detecting a lasing-wavelength shift of the 
light source described above are omitted. Only an etalon 
1 06, and two light detector 1 09, 115 are simply illustrat- 
ed. Moreover, a configuration of information exchange 
side is also omitted in Fig. 1 0. By the way, L exemplifies 
a collimator. It may be understood that specific configu- 
ration of a laser-light wavelength control module accord- 
ing to the present invention is configured by Fig. 9 and 
Fig. 1 0 in combination. Additionally, regarding APC (Au- 
tomatic Power Control) for keeping a semiconductor-la- 
ser output constant, a general method is used. To be 
more specific, by this method, an output of the light de- 
tector 115 is compared with a given fixed value, and a 
result of the comparison is supplied to a driving-current 
control circuit 404 of a semiconductor laser 1 00 as feed- 
back. 

[0106] A parallel plane wave obtained from the laser 



light source 1 00 is introduced into the light-path splitter 
104, and reflected light is received by the light detector 
115. Transmitted light 104 is multiple- reflected off the 
etalon 106, and passes through the etalon 106. Then, 

5 the transmitted light 104 having light quantity, which is 
determined by the equation (1 ) in response to a change 
in wavelength, reaches the light detector 109. A wave- 
length error signal is a difference between an output of 
the light detector 115 and an output of the light detector 

10 1 09, which is determined by the equation (9) or (1 0) de- 
scribed above. A wavelength of the laser light source 
1 00 is controlled so that the error signal value A(A,) be- 
comes zero or a constant value. As a specific method 
of this wavelength control, a given signal based on the 

15 error signal value is supplied to a driving circuit 402 of 
said temperature control element 401 as feedback ac- 
cording to the purpose described above. In this connec- 
tion, a signal, which has been generated by the light de- 
tector 1 1 5 by detecting reflected light 1 04, is returned to 

20 the driving means 404 of the laser light source as feed- 
back, and thereby emission intensity of laser is control- 
led as usual. 

[0107] When the error signal is not zero or a given val- 
ue but a positive value, temperature of the temperature 

25 control element is increased. As the temperature in- 
creases, an emitting wavelength of the laser device also 
increases. An example of a relation between this tem- 
perature and the emitting wavelength of the laser is 
shown in Fig. 4. As the emitting wavelength increases, 

30 the error signal decreases. Then, the wavelength is 
fixed to a value at which this error signal reaches zero 
or a given value. When the error signal is a negative 
value, temperature of the temperature control element 
is decreased. Then, using a change opposite to the tem- 

35 perature increase described above, the wavelength is 
fixed to a value at which this error signal reaches zero 
or a given value. Concerning such electrical-signal 
processing system, a general method is sufficient. As 
another embodiment according to the present invention , 

40 a difference between reflected light and transmitted light 
from the etalon 1 06 can also be used as an error signal. 
[0108] Fig. 11 shows an example like this. A beam 
splitter 1 04 is located so that a light detector 110 can 
detect reflected light 108 from an etalon 106. Others are 

45 configured basically in the same manner as the example 
shown in Fig. 9. Therefore, detailed description is omit- 
ted. In Fig. 11, the same members as those shown in 
Fig. 9 are provided with the same reference numbers. 
[0109] As shown in Fig. 12, the reflected light 108 from 

50 the etalon 106 is complementary to transmitted light 
1 07, and decreases or increases as the transmitted light 
increases or decreases. An error signal corresponding 
to a wavelength shift can be obtained from a difference 
between transmitted-light current obtained from a light 

55 detector 109 and reflected-light current obtained from 
the light detector 110. 

[0110] Fig. 12 is a diagram illustrating a relation be- 
tween reflected light and a phase difference regarding 
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the etalon. A horizontal axis is a phase difference, and 
a vertical axis is intensity of reflected light (arbitrary 
unit). The phase difference is the same as that de- 
scribed in Fig. 3 (b). Reflection-film reflectivity of the 
etalon is used as a parameter. 

[0111] Fig. 13 is a diagram illustrating a relation be- 
tween transmitted light and reflected light on the one 
hand and a phase difference on the other hand when 
reflectivity of the etalon is 35%. in Fig. 13, a transmitted - 
light signal is expressed as PD1 , and a reflected-light 
signal is expressed as PD2. A wavelength to be locked 
is shown by an arrow in Fig. 13. Determining a difference 
between the transmitted-light signal PD1 and the reflect- 
ed-light signal PD2 enables us to find out a shift of this 
maximum wavelength from the locking wavelength 
more clearly. As shown in this example, when associat- 
ing an emitting wavelength of the laser light source with 
the light transmission portion provided by a wavelength 
selection means, it is equated to an emitting wavelength 
corresponding to a desired wavelength that is shifted to 
the highest transmittance wavelength portion in this 
transmission portion. As shown in this example, the 
locking wavelength is set to a portion where a gradient 
of characteristics curve is slightly steeper than that of a 
peak wavelength in relation to transmission character- 
istics or reflection characteristics. Setting the locking 
wavelength to the portion like this provides more accu- 
rate wavelength control. 

[0112] In this embodiment, feedback on operation 
temperature is given to the laser light source 1 00 so that 
an error signal's value corresponding to the wavelength 
shift is kept constant to close a control loop. This method 
permits the error signal corresponding to wavelength 
fluctuation to become double as compared with the first 
embodiment. In addition, as Is the case with the preced- 
ing example, in an optical-fiber communication method 
using an optical-fiber communication module, it is re- 
quired to keep an optical-fiber output of the optical-fiber 
communication module constant. For this reason, an 
optical output from the laser light source 101 should be 
monitored for the purpose of supplying its feedback to 
a driving power supply. 

[0113] One example of this method is, for example, 
that photocurrent obtained by introducing reflected light 
from a light-path splitter 104 into a light detector 115 is 
used for output monitoring as shown in Fig. 11 . The op- 
tical output of the laser light source is controlled in re- 
sponse to this monitored photocurrent signal, while al- 
lowing for a predetermined value. This method uses the 
same optical-output control method as that of a general 
semiconductor laser device. Moreover, as another opti- 
cal-output control method, each of photocurrent from 
the light detector 1 09 and the light detector 1 1 0 or a sum 
of the photocurrents can also be used for output moni- 
toring. Originally those photocurrents are generated by 
dividing light from the laser light source simply. There- 
fore, as a matter of course, this method can be applied 
to the photocurrents. 



[0114] Fig. 14 is a diagram illustrating an other control 
system, in Fig. 14, the same members as those shown 
in Fig. 10 are provided with the same reference num- 
bers. Therefore, detailed description is omitted. In this 

5 example, the wavelength-control optical system shown 
in Fig. 11, for example, the light-path dividing means 
1 04, the etalon 1 06, and the light detector 1 09, 1 1 0 are 
located in relation to the laser light source 101 . Trans- 
mitted light from the etalon 1 06 is detected by the light 

10 detector 109, and reflected light from the etalon 1 06 is 
detected by the light detector 110. As a result, an error 
signal 302 is obtained. This error signal is based on a 
predetermined fixed value, and is supplied to the driving 
circuit 402 of the temperature control means 401 of the 

15 laser light source 1 01 . A method for controlling and fix- 
ing an emitting wavelength of the laser light source ac- 
cording to this error signal is similar to that described 
above. 

[0115] Fig. 15 shows another configuration example 
20 of the optical system for wavelength locking according 
to the present invention. Here : only the optical system 
for wavelength locking is shown. In this example, as op- 
posed to the configuration shown in Fig. 5, transmitted 
light from the beam splitter 1 04 is used for an optical 
25 output monitoring 115. In addition, reflected light from 
the beam splitter 1 04 is introduced into the etalon 1 06, 
and its transmitted light is received by the light detector 
109. A wavelength error signal is a difference between 
photocurrents passing through the light detector 109 
30 and the light detector 1 1 5. As another method, reflected 
light from the etalon 106 pass through the beam splitter 
104, and is received by the light detector 110; a differ- 
ence between photocurrents passing through the light 
detectors 109 and 110 is used as a wavelength error 
35 signal. A circuit loop of electrical control-signal process- 
ing is the same as those described in Fig. 10 and Fig. 
14. In Fig. 15, reference numbers 102 and 111 are col- 
limators. 

[0116] Fig. 16 shows another configuration example 

40 of the optical system for wavelength locking according 
to the present invention. Here ; only the optical system 
for wavelength locking is shown. A portion of parallel 
light, which has been collimated by a collimator ahead 
of the laser light source 1 01 (for example, a collimator 

45 Jens 111), is reflected by a beam splitter 601 and intro- 
duced into the etalon 1 06. After that, its transmitted light 
is received by the light detector 1 09. Reflected light from 
the etalon 106 passes through the beam splitter 601 , 
and then is received by the light detector 1 1 0. As optical 

50 output monitoring, the light detector 115 placed behind 
the laser light source 101 can be used. A loop of elec- 
trical control-signal processing similar to that described 
in Fig. 10 or Fig. 14 can be used. 
[0117] Fig. 1 7 shows another embodiment of the op- 

55 tical system for wavelength locking according to the 
present invention. To be more specific, light emitted from 
behind the laser light source 101 is collimated using a 
collimator lens to form a parallel plane wave. In its light 



25 



14 



EP 1 156 563 A2 



28 



path, an etaion 701 is placed. Duplexed light detectors 
702 and 703, which are placed in close proximity to each 
other, are located immediately after the etaion 701. In 
this case, light arriving at the light detector 702 differs 
from light arriving at the light detector 703 in a position 
where each light passes through the etaion 701 . In ad- 
dition, because the etaion 701 has a taper, there arises 
a shift in a peak position in response to a change in 
wavelength of each transmitted light. Therefore, a wave- 
length error signal as shown in Fig. 18 is obtained from 
a difference between photocurrents from the light detec- 
tors 702 and 703. In other words, Fig. 18 shows a rela- 
tion between a phase difference and intensity of trans- 
mitted light. A horizontal axis is a phase difference, and 
a vertical axis is intensity of transmitted light. A curve 
shown as PD1 is an output from the light detector 702 
that detects light transmitted through a thin-film portion 
of the etaion 701 . A curve shown as PD2 is an output 
from the light detector 703 that detects light transmitted 
through a thick-film portion of the etaion 701 . As an out- 
put monitoring, a sum of the photocurrents PD1 and 
PD2 from the light detectors 702 and 703, or a photo- 
current from the light detector 115 that receives light 
ahead of the laser light source 101 can be used. As a 
loop of electrical control-signal processing, a loop sim- 
ilar to that described in Fig. 14 can be used. 
[0118] Fig. 1 9 shows another embodiment according 
to the present invention, in this example, an etaion com- 
prises two portions 901 and 902 having different trans- 
mission characteristics each other. Light arriving at the 
light detector 702 differs from light arriving at the light 
detector 703 in light-path length at the position where 
each light passes through the etaion. A difference be- 
tween the light-path lengths can be obtained by chang- 
ing a refractive index or a mechanical length of the 
etaion slightly. If the etaion like this is used, an operation 
principle of wavelength locking is basically similar to that 
described in Fig. 14. By the way, in Fig. 19, a reference 
number 601 is a light-path dividing means, and 115 is a 
light detector. This system provides light output control 
of the laser. 

[0119] As described above, it is desirable that an emit- 
ting wavelength of a semiconductor laser is variable to 
permit it to be matched with channels of Wavelength Di- 
vision Multiplexing optical-fiber communication (that is 
to say, ITU-TS grid intervals including 100, 50, and 25 
GHz). 

[0120] In response to this requirement, in the present 
invention, FRS of the etaion is matched with channels 
of Wavelength Division Multiplexing optical-fiber com- 
munication (that is to say, ITU-TS grid intervals including 
100, 50, and 25 GHz). To be more specific, a transmis- 
sion-peak interval of the etaion is matched with the ITU- 
TS grid. Additionally, a wavelength of the laser light 
source is locked at an arbitrary wavelength on the grid. 
For example, if a solid etaion using fused quartz having 
a refractive index n (about 1.4) as its material is used, 
a thickness t is calculated by the equation (7) described 



above. A change in wavelength of the laser light source 
is, for example, practically controlled by changing a la- 
ser temperature using a temperature-variable element 
such as a Peltier cooler as a means. An example of a 
5 relation between a lasing wavelength and temperature 
at the time of laser lasing is similar to that shown in Fig. 
4 described above. 

[0121] Next, another example of a laser device char- 
acterized by a variable lasing-wavelength is exempli- 
fy fied. Fig. 20 shows a schematic plane configuration of 
the exemplified laser device like this. In this example, 
there is a wavelength-variable laser light source 1 00. Its 
temperature is changed by a film heater 151 that is in- 
tegrated in proximity to a DFB laser portion 150. The 
15 change in temperature causes a refractive index and a 
bandgap to be changed, which permits an emitting 
wavelength of laser to be variable. Using such wave- 
length-variable light source in combination with a wave- 
length locking method according to the present inven- 
20 tion provides us with a effect as follows. To be more spe- 
cific, when changing a temperature of the laser light 
source so that lasing is performed at an arbitrary wave- 
length of ITU-TS grid, only a portion in proximity to a 
laser activation layer is locally changed in temperature 
25 while a temperature of the etaion placed at a position 
sufficiently far from the layer is little changed. That is 
because of temperature characteristics of the etaion. 
When a transmission peak is shifted, a different opera- 
tion temperature causes a shift from ITU-TS grid. How- 
30 ever, if a structure capable of changing only a semicon- 
ductor laser's temperature locally is provided like this 
example, it is not necessary to be concerned about tem- 
perature characteristics of the etaion. 
[0122] Supplemental description of the wavelength- 
35 variable semiconductor laser device is given as bellow. 
As described above, Fig. 20 shows a plane configura- 
tion view including main components of the wavelength- 
variable semiconductor laser device. On a semiconduc- 
tor substrate surface 101, a semiconductor-laser lumi- 
40 nous portion 150 is located. A temperature-variable 
means 151 is located in proximity to the semiconductor- 
laser luminous portion 1 50. Facing to face with the sem- 
iconductor-laser luminous portion 150, a light modulator 
153 is located. This light modulator 153 is controlled by 
45 an electrode 1 54. Generally, light on this modulator side 
is used for information communication. 
[0123] A basic configuration of such wavelength-var- 
iable semiconductor laser device is a combination of a 
wavelength -variable light source (or an integrated mul- 
50 tiple-wavelength light source) and the light modulator. 
As an optically combined form of them, it is possible to 
use any of the following forms: a form that configures 
each of them separately (Hybrid integration); and a form 
that integrates them monolithically (monolithic integra- 
55 tion). In the device like this, a portion of output light from 
the wavelength-variable light source or the integrated 
multiple-wavelength light source is introduced into the 
light modulator, which generates a light signal by its on/ 
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oft operation. 

[0124] The laser module according to the present in- 
vention is devised to fix an emitting wavelength of laser. 
However, practically, when fixing a wavelength of the 
semiconductor laser device having a light modulator, 
characteristics of the light modulator is also required to 
be adjusted corresponding to a slight change in wave- 
length. 

[0125] For the purpose of addressing this problem, 
the following is taken into consideration: a means for 
controlling a light modulator's temperature locally is pro- 
vided in proximity of the light modulator. This tempera- 
ture-control means controls a temperature of an active 
waveguide layer of the light modulator to a desired val- 
ue. Such basic form enables the following: controlling a 
wavelength of the light source; providing a light-modu- 
lation means that corresponds to high-speed light mod- 
ulation; and controlling chirping characteristics of a light 
modulator portion; and the like. 

[0126] A first example of specific operation is: in re- 
sponse to fluctuations in a wavelength of a light signal 
introduced into a light modulator, a bandgap wavelength 
of the light modulator is fluctuated to the same extent as 
the fluctuations. If a more specific embodiment is exem- 
plified, this temperature-control means comprises at 
least a means for detecting a wavelength of light incident 
to a light modulator, and a means for adjusting an oper- 
ation temperature of the light modulator according to the 
detected wavelength. Practically, in addition to them, 
this temperature-control means further comprises a 
means for adjusting an operation current of the semi- 
conductor-laser element portion according to the detect- 
ed wavelength. Said means for adjusting an operation 
temperature of the light modulator is: in response to fluc- 
tuations in wavelength of a light signal introduced into 
the light modulator a bandgap wavelength of the light 
modulator is fluctuated to the same extent as the fluc- 
tuations. For example, when an optical signal intro- 
duced into the fight modulator becomes long, a bandgap 
wavelength of the light modulator is also changed to be 
longer to the same extent as the optical signal. Adjusting 
the operation current of the semiconductor-laser ele- 
ment portion permits slight fluctuations in lasing power 
according to the wavelength fluctuations to be adjusted. 
In this manner, it is possible to ensure high-speed light 
modulation that corresponds to wavelength control of a 
light source. 

[0127] A more specific embodiment of a laser module 
comprising such wavelength-variable semiconductor- 
laser device is described later. 

[0128] Next, a configuration of an etalon, of which a 
temperature coefficient is made zero, is exemplified as 
below. Fig. 21 is a sectional view illustrating an example 
of such etalon. This example shows a method for con- 
structing an etalon , of which a temperature coefficient 
(a product of refractive index n and length t) becomes 
zero effectively, by connecting together two or more ma- 
terials characterized in that a temperature coefficient for 



one material reverses in sign as compared with the oth- 
er. To be more specific, assuming that a refractive index 
of glass substrates 1 61 and 1 62 is n1 , a sum of lengths 
of the glass substrates 161 and 162 is t1 , a refractive 
5 index of another material is n2, and its length is t2, ma- 
terials of the etalon are selected so that a differential 
coefficient under temperature T becomes zero: that is 
to say, d (n-,t-, + n 2 t 2 )/dT = 0 .» (11). For example, re- 
garding silicon gel 163, because a temperature coeffi- 
10 cient of a light-path length is negative, combined use 
with a general glass can satisfy the equation (11). 
[0129] If a variable laser-wavelength is provided by 
means of the method explained in Fig. 4, atemperatu re 
of the laser is changed in accordance with a temperatu re 
15 of the etalon because the laser and the etalon are locat- 
ed on the same Peltier cooler. On the other hand, a 
transmission peak of the etalon expressed in the equ a- 
tions (1) ; (2), and (3) is determined by a product of me- 
chanical length t and refractive index n of the etalon, th at 
is, a light-path length. However, the refractive index n 
depends on temperature, and the mechanical length t 
is changed by thermal expansion. As a result, a trans- 
mission peak wavelength has a temperature coefficient. 
Even if FSR is matched with a grid interval, operation of 
the etalon in a different temperature causes a shift from 
the ITU-TS grid 160. This embodiment provides a 
means for solving this problem. 

[0130] Fig. 22 is a diagram illustrating another means 
for solving the problem of the shift described above. A 
horizontal axis is a phase difference (a relative wave- 
length difference), and a vertical axis is intensity of 
transmitted light (an arbitrary unit). What curves T1 and 
T2 mean are similar to those exemplified in Fig. 18. 
[0131] A method of this example is described as be- 
low. To be more specific, as shown in the equation (7), 
a thickness of the etalon is generally determined so that 
a free spectral range of a Fabry Perot etalon is matched 
with a channel grid interval of a Wavelength Division 
Multiplexing optical-fiber communication. However, in 
this example, a thick etalon is provided to give a narrow 
free spectral range beforehand like a phase-difference 
range 890 shown in Fig. 22. At this point, when increas- 
ing a temperature of a laser's temperature control ele- 
ment to operate at the next grid wavelength, thermal 
characteristics of the etalon causes a transmission peak 
to be shifted to the long wavelength side. A thickness of 
the etalon is increased so that this shifted quantity 891 
becomes equal to a difference between the narrowed 
FSR890 and the grid interval 892. Thus, the shift due to 
the etalon's temperature characteristics can be com- 
pensated. In this connection, signals of T1 and T2 are 
similar to those shown in Fig. 18. 
[0132] Fig. 23 shows a method for configuring a de- 
vice that compensates an error based on a temperature 
coefficient of the etalon. In other words, this is a method 
used in a case where the temperature coefficient of the 
etaion cannot be neglected and causes a shift of a la- 
ser's iasing wavelength from an ITU-TS grid. 
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[0133] Fig. 23 is similar in basic configuration to Fig. 
14. Accordingly, members similarto those shown in Fig. 
14 are provided with the same reference numbers. A 
temperature of a semiconductor laser device 1 00 is gen- 
erally controlled by a Peltier cooler 401 . To be more spe- 
cific, an operation temperature of the laser light source 
100 is compensated to control the Peltier cooler 401 by 
a driving circuit 402. 

In this manner, an emitting wavelength of the semicon- 
ductor laser device is controlled. 

[0134] In this example, a temperature detecting 
means 403 (for example, a thermistor) is provided in 
proximity to this semiconductor laser device 1 00. In ad- 
dition, an information storing means 170 (for example, 
a semiconductor storing device) is located in the optical- 
fiber communication equipment. In this information stor- 
ing means 170, temperature characteristics of an 
etalon's transmission peak wavelength and a relation 
between wavelength and temperature of a laser light 
source, which have been measured beforehand, are 
stored. As is the case with the examples of the present 
invention described above, an error signal 302 based 
on outputs from two light detecting means 109 and 1 1 0 
is obtained. As it is found out in this example, allowing 
for the stored temperature characteristics of the etalon's 
transmission peak wavelength and the stored relation 
between wavelength and temperature of the laser light 
source, a value to be compensated for this error signal 
is obtained. After that, based on this result, a feedback 
signal of a fixed value 171 corresponding to a desired 
lasing wavelength is determined to close a control loop 
of a wavelength control system. Thus, fluctuations in 
transmission characteristics based on the etalon's tem- 
perature characteristics are compensated, and a signal 
for controlling an emitting wavelength based on original 
transmission characteristics of the etalon can be ob- 
tained. Members other than those associated with the 
artifice in this example are the same as those shown in 
Fig. 14. Moreover, a method for adjusting an emitting 
wavelength of the laser device according to an error sig- 
nal or a feedback signal to fix the emitting wavelength 
is the same as that described above. 
[0135] Next, concerning a method for implementing 
the laser module according to the present invention, an 
example is shown in Fig. 24 and Fig. 25. Fig. 24 is a 
plan view illustrating a subassembly in which members 
of each optical system and an etalon are equipped on 
a substrate. Fig. 25 is a plan view illustrating a condition 
of a 14-pin butterfly-type communication module pack- 
age 850, on which desired members of a wavelength- 
locking optical system including this subassembly are 
placed. As shown in Fig. 25, said subassembly 851 is 
located facing to face with one edge of a wavelength- 
variable laser light source 1 00, and an optical-fiber com- 
munication line, for example, an optical fiber 114 as its 
typical example is located on the other edge. In this ex- 
ample, a collimator element 102 (for example, a colli- 
mator lens) is located between the laser light source 1 00 



and the subassembly 851 ; and a collimator element 1 1 1 
(for example, a collimator lens), an optical isolator 112, 
and a condensing means 1 1 3 (for example, a condenser 
lens)) is located between the laser light source 100 and 

5 the optical fiber 114. 

[0136] In this example, as shown in Fig. 24, an etalon 
106, a beam splitter 104, and light detectors 109, 110, 
115 are placed on the substrate 851 . The substrate 851 
is placed in a light path of a parallel optical system lasing 

10 at a desired wavelength, which has been prepared in 
another place beforehand, and then an incident angle 
of light to the etalon is adjusted and fixed to make a su- 
bassembly. After that, the subassembly is placed in a 
light path of a parallel optical system lasing at a desired 

15 wavelength, which has been prepared in the package 
850. This incident angle to the etalon is equivalent to the 
incident angle explained in the general description of the 
etalon. This method provides an advantage of imple- 
mentation resulting from using parallel plane waves ac- 

20 cording to the present invention. It is also possible to 
use the following method: mounting members other 
than an etalon on a module package; and after that, 
mounting the etalon on the module package. 
[0137] This example has an advantage of implemen- 
ts tation that it is easy to build optical-fiber communication 
equipment including an etalon into one package. 
[0138] In other words, integration of the wavelength- 
locking portion into a subassembly in this manner has 
an advantage that it is not necessary to make fine ad- 

30 justment of a distance between the semiconductor laser 
and the condenser lens because an angle of divergent 
light arriving at the etalon as incident light is adjusted. 
Furthermore, it is also not necessary to make fine ad- 
justment of a tilt angle of the etalon while observing an 

35 outputfrom duplexed light detectors. The present inven- 
tion provides the extremely great advantage of imple- 
mentation like this. 

[0139] Fig. 26 shows another embodiment according 
to the present invention. This is an example showing 

40 that a wavelength-variable semiconductor laser device 
comprising a plurality of luminous portions is used. 
[0140] To be more specific, a plurality of wavelength- 
variable light sources 951 similar to that shown in Fig. 
20 are placed in parallel. Each emitted light is focused 

45 on a waveguide 952. On the wavelength-variable light 
sources 951 , a heater 950 to permit a wavelength to be 
variable is equipped by means of integration. The fo- 
cused light is gathered by a wavelength multiplexer and 
demultiplexer 953, and amplified by a semiconductor 

50 optical amplifier 954. After that, the light is modulated 
by an electric absorption modulator 955, and then is 
emitted from an end of a waveguide substrate. The emit- 
ted light is collimated by the collimator lens 956 as 
shown in Fig. 1 1 , reflected by the beam splitter 601 , and 

55 reaches the etalon 106, which constitutes the wave- 
length-locking optical system described above. Light 
transmitted through the beam splitter 601 reaches the 
optical fiber 1 1 4 via the isolator 1 1 2 and the condenser 
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lens 113. As a result, information Is transmitted. In this 
configuration, as described above, matching FSR of the 
etalon 106 with the ITU-TS grid, and changing a wave- 
length of each laser by turns permit an output wave- 
length of the fiber 1 1 4 to be variable throughout a range 
wider than that in the case of one laser light source. In 
addition to it, wavelength fixing also becomes possible. 
Such wavelength-variable light source is useful as a 
light source for a high -capacity Wavelength Division 
Multiplexing optical-fiber communication system as a 
matter of course. It is also useful as a light source for a 
wavelength-channel changing switch, that is to say, a 
light source for a router. 

[01 41] Needless to say, as regards an optical system 
and the like having a configuration like this, which uses 
a method for locking a wavelength of a laser light source, 
the various methods described above can be applied to 
them. 

[0142] Next, a portion of the semiconductor laser de- 
vice in this example is described in detail. Fig. 27 is a 
plan view illustrating a wavelength-variable semicon- 
ductor laser device similar to said semiconductor optical 
element portion 1 06. To be more specific, regarding the 
wavelength -variable semiconductor laser device in this 
example, a laser luminous portion 1 1 21 is equipped with 
a temperature control means 1122. In addition, a light 
modulator 1125 is also equipped with a temperature 
control means 1126. Significance of providing the light 
modulator with the temperature control means is de- 
scribed above. Fig. 28 is its sectional view in a traveling 
direction of light. In this connection, this sectional view 
is shown along an optical waveguide. Therefore, it is not 
a correct sectional view of the device shown in Fig. 27. 
[0143] The semiconductor optical element portion 
1121 is formed by an InP/lnGaAsP material or an InP/ 
InGaAl As material, or by both of them. As a substrate 

1120 used for forming the semiconductor optical ele- 
ment portion 1121, InP is used. A laser array portion 

1121 is located on one side of the semiconductor optical 
element portion of this example. The laser array portion 
1121 of this example is a multi-wavelength distributed 
feedback laser array. In this connection, as a laser de- 
vice, not only DFB type but also DBR (Diffraction Bragg 
Refraction) type laser device can also be used. Even for 
DBR type laser device, supplying a feedback signal ac- 
cording to the present invention to a member having a 
function of control ling a wavelength can also achieve the 
object. As shown in Fig. 27, in this example, the multi- 
wavelength distributed feedback laser array portion 
1121 comprises a plurality of laser element portions 
(1131, 1132, 1133, 1134) having a luminous peak in 
proximity to a wavelength portion from 1 530 to 1 562 nm. 
Fig. 27 is a diagram showing that a modulated signal 
1 1 45 from outside is selected by a switch 1 1 44, and that 
the signal is further passed through signal systems 1 1 40 
though 1143 to drive each of semiconductor laser ele- 
ments 1131 through 1134. As regards a signal system 
to each of heater portion 1 1 22, an input is similarly pro- 



vided. 

[0144] Light with each wavelength of the laser array 
portion 1121 is multiplexed by a light multiplexer 1123. 
Then, the optical waveguide optically passes the light 

5 from the light multiplexer 1123 to the light modulator 
1125 via an optical amplifier 1124. The light modulator 
1125 in this example is a well-known electric-absorption 
type semiconductor light modulator. The light is input to 
the light modulator 1125 after it is optically amplified by 

10 the optical amplifier 1124. In addition, an edge of the 
element on the light modulator side is covered with a 
low reflection film 1127; and an edge on the laser side 
is covered with a high reflection film 1128. The light is 
emitted from this low reflection film 1 127 toward outside 

15 of the optical semiconductor device. In this example, 
temperature control means 1 1 22 and 1 1 26 (by the way, 
these reference numbers are generic names of the 
means) are placed in proximity to each laser element 
portion of the laser array portion 1121 and the light mod- 

20 ulator1125. In Fig. 27, each individual temperature con- 
trol means 1122 corresponding to each laser portion is 
shown as 1145, 1146, 1147, and 1148 respectively. On 
the other hand, the temperature control means 1126 is 
a heaterfor controlling operation temperature of the light 

25 modulator 1125. 

[0145] Fig. 28 is a sectional view illustrating this ex- 
ample. An optical waveguide 1150, which uses InGaAsP 
or InGaAl As as a chemical-compound semiconductor 
material, is formed on a semiconductor substrate 1120. 

30 in this example : a diffraction grating 1151 for a DFB type 
laser is formed on a surface of the semiconductor sub- 
strate InP 1120 beforehand. Forms and production 
method, which are generally known, may be used for 
the laser portion 1121 , a waveguide portion 1129, the 

35 multiplexer portion 1 1 23, the amplifier portion 1 1 24, the 
light modulator portion 1125, and others. Optical 
waveguides 1151, 1152, and 1153 corresponds to the 
multiplexer portion 1123, the amplifier portion 1124, and 
the light modulator portion 1125 respectively. An InP lay- 

40 er is formed on each of those optical waveguides to 
make a clad layer 1160 for performing optical 
waveguide. In this connection, an InP layer having a 
window structure 154 is provided on a light emission 
portion side to reduce light absorption as much as pos- 

45 sibie. 

[0146] On this layer, electrodes 1121 of the semicon- 
ductor laser portion and the light modulator portion are 
formed. In addition to it, after a silicon dioxide film of an 
insulating layer 1 149 is coated with the layer, the heater 

50 portions 1122 and 1126 such as Pt or Ti are further 
formed on the layer. By the way, on the reverse side of 
the semiconductor substrate, a n-side electrode 1135 is 
formed. A reference number 1155 is a passivation film 
on the surface of the device. The semiconductor optical 

55 device prepared in this manner is mounted on a heat 
sink 1150 and a chip carrier 1152 as it is generally 
mounted. After that, all of them are further mounted on 
a temperature controller 1102 coated with an adhesive 
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layer 11 53. This temperature controller 1 1 02 is a genera! 
Peltier cooler. 

[0147] Applying a desired current to each of the heat- 
er portions 1 1 22 for controlling a laser lasing wavelength 
(each individual heater is shown as 1131 through 1134 5 
respectively) permits a temperature of each laser ele- 
ment portion to be controlled. As a result, using the func- 
tions of selecting a laser channel to be operated and 
providing a variable wavelength in combination enables 
us to produce a wavelength ranging from 1 530 to 1 562 10 
nm, that is to say, continuous wavelengths scanning. To 
be more specific, it is possible to select a desired laser 
portion of the semiconductor laser array portion, and at 
the same time to control an emitting wavelength for ex- 
ample at said intervals of 4 nm to cope with a slight 15 
wavelength shift of the laser portion. Accordingly, fine 
adjustment can be made for the wavelength settings 
that are specified inthefieldof Wavelength Division Mul- 
tiplexing optical-fiber communication systems as de- 
scribed above. When operating this optical element, the 20 
heater 11 26 for controlling an operation temperature of 
the modulator is energized in response to an input-light 
wavelength Ap. Thus, light modulation in response to an 
emitting wavelength can be performed. 
[01 48] Fig. 29 and Fig. 30 are diagrams illustrating the 25 
following: a control system for controlling a driving cur- 
rent value of the semiconductor laser element portion 
and a driving current value of the heater according to an 
em itting wavelength of the semiconductor laser element 
portion; and a control system for controlling a driving 30 
current value of the light modulator's heater. Fig. 29 il- 
lustrates an example showing that its wavelength de- 
tecting portion and the optical semiconductor device of 
this embodiment are monolithically integrated. Fig. 30 
illustrates an example showing that the wavelength de- 35 
tecting portion and the optical semiconductor device of 
this embodiment are integrated in a hybrid method. As 
shown in Fig. 29, a means 1 050 for detecting a wave- 
length of the semiconductor laser element portion is pro- 
vided in combination, a laser-wavelength detecting *o 
means 1050 is constructed of an array waveguide dif- 
fraction grating 1021. This array waveguide diffraction 
grating 1021 separates and detects light having each 
wavelength. The light is then introduced into a signal 
processing portion 1 023 via an optical waveguide 1 022. 45 
A given signal from this logic circuit 1024 is input to an 
electrode 1 1 31 of each semiconductor laser element, or 
to a heater 1145 mounted on the semiconductor laser 
element, via a control system 1 025 for controlling a driv- 
ing current of the semiconductor laser device or a con- 50 
trol system 1026 for controlling a temperature of the 
semiconductor laser element. 

[0149] In addition, regarding control of the light mod- 
ulator's heater, a desired signal resulting from detection 
of fluctuations in wavelength by the semiconductor laser 55 
element portion is input to the heater 1126 of the light 
modulator via a control system 1027 of the light modu- 
lator's heater in a similar manner. By the way, in Fig. 29 



and Fig. 30, the same reference numbers are used if the 
same members are used in common. A reference 
number 1125 is an electrode of the light moduiator. Fig. 
30 illustrates an example showing that an optical semi- 
conductor device 1120 and a laser wavelength detecting 
means 1050 associated with this embodiment are inte- 
grated in a hybrid manner. 

[0150] As regard a light modulator in the semiconduc- 
tor laser device of this example, its temperature is con- 
trolled by a temperature controlling means. Moreover, 
the light modulator is also capable of controlling its tem- 
perature in response to a change in lasing wavelength 
caused by a change in temperature. Thus, it is possible 
to change optical characteristics of the light modulator 
in response to a change in temperature of the laser las- 
ing portion to compensate a shift of the characteristics 
in response to the change in temperature. As a result, 
desired optical characteristics can be obtained. 
[0151] Next, as a specific embodiment of an optical 
system using a laser module according to the present 
invention, Wavelength Division Multiplexing optical-fib- 
er communication equipment is exemplified. The equip- 
ment uses a 1 .55 \m\ wavelength band. 
[0152] Fig. 31 is a diagram illustrating a configuration 
of an optical-fiber communication system's main por- 
tion. This example shows that an optical transmission 
light source is configured by a group of light sources 
having a fixed wavelength. An optical-fiber communica- 
tion system illustrated in Fig. 31 comprises a Wave- 
length Division Multiplexing optical transmission portion 
801 , an optical preamplifier 802, an optical fiber 803, an 
inline amplifier 804, an optical post-amplifier 805, and a 
light receiving portion 806. As a light source having a 
fixed wavelength 807, various kinds of wavelength-var- 
iable semiconductor laser devices according to the 
present invention described above can be used. To be 
more specific, a plurality of DFB semiconductor laser el- 
ements are used as a light source having a fixed wave- 
length. An emitting wavelength of each channel is rang- 
ing from 1532.29 to 1597.19 nm at intervals of 50 GHz; 
160 channels in total. Signal light from each channel of 
the light source is multiplexed into one fiber 810 by a 
wavelength multiplexer 809 that uses a diffraction grat- 
ing using a general array waveguide. A means for locally 
controlling temperature of the semiconductor laser ele- 
ment portion according to the present invention enables 
adjustment to the em itting wavelength described above. 
[0153] This example enables us to miniaturize the de- 
vice and to improve economical efficiency as compared 
with the conventional configuration. Using this simple 
configuration, a light-wave signal wavelength of each 
channel can be set to a desired value, and can be sta- 
bilized, by means of an easy artifice. Therefore, it is pos- 
sible to realize a Wavelength Division Multiplexing com- 
munication system with high reliability, and at the same 
time to produce the effect of increasing a number of 
channel wavelengths as compared with the convention- 
al system, at a low cost. 
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[0154] As described in detail, using configurations 
comprising basic elements according to the present in- 
vention enables us to exploit the full performance of the 
etalon. That is to say, according to the present invention, 
the technical problems are solved, which could not be 5 
conventionally overcome from the viewpoints of: reso- 
lution of wavelength selection; optical efficiency; im- 
prove in density of implementation into a laser light 
source module; mechanical stability; compensation for 
a locking-wavelength shift caused by a change in tern- 10 
perature; and the like. Furthermore, if the wavelength 
control method according to the present invention is uti- 
lized, it becomes possible not only to lock a semicon- 
ductor-laser's iasing wavelength but also to transfer and 
lock the wavelength to an arbitrary ITU-TS grid. This 15 
method, therefore, provides us with a laser light source 
that is indispensable for the Wavelength Division Multi- 
plexing optical-fiber communication equipment and a 
router device for wavelength channels. 
[0155] The present invention can provide a semicon- 20 
ductor laser light source that is capable of locking an 
emitting wavelength of the laser light source to a spec- 
ified value with high accuracy. Naturally, This optical 
system can be separately operated as a wavelength 
locker module. However, it can also be built into an op- 25 
tical-fiber communication module comprising the laser 
light source because of its smaller side. 



a desired value; and 

said signal is used forcontroiiing a wavelength 
of the laser light source. 

2. Optical-fiber communication equipment according 
to claim 1 , wherein: 

said wavelength selection means (106) is a 
Fabry Perot type etalon in which; 
a refractive index of its medium is within a range 
of 1.0 to 4.0; 

surface reflectivities of both reflection planes of 
the medium are within a range of 20 to 70 %\ 
and 

a thickness of the medium is set so that a plu- 
rality of light transmission portions are generat- 
ed at given wavelength intervals, and that any 
one of the plurality of light transmission portions 
is equivalent to an emitting wavelength desired 
by the laser light source. 

3. Optical-fiber communication equipment according 
to claim 1 , wherein: 

said wavelength selection means (106) is a Fabry 
Perot type etalon constructed of two or more kinds 
of materials, which differs each other in at feast one 
of temperature characteristics and a refractive in- 
dex. 



Claims 30 

1. Optical-fiber communication equipment compris- 
ing, 

a laser light source (100), a means (102) for chang- 
ing light of the laser light source to a parallel plane 35 
wave to form a parallel light path, a wavelength se- 
lection means (106) having two or more transmis- 
sion bands, and a first and a second light detector 
(109, 115), wherein: 

40 

said wavelength selection means (106) is locat- 
ed in the parallel light path; 
the parallel plane wave is divided into at least 
two pieces of light including light that is trans- 
mitted (1 05) through said wavelength selection 45 
means and light passing through a medium 
having optical characteristics different from 
those of the light that is transmitted through 
said wavelength selection means; 
the first light detecting means (1 09) detects one so 
divided piece of light and the second light de- 
tecting means (115) detects the other divided 
piece of light; 

signals based on photocurrents from the first 
(109) and 55 
the second (115) light detector are compared 
to each other to obtain a signal for setting an 
emitting wavelength of the laser light source to 



4. Optical-fiber communication equipment according 
to claim 1, wherein: 

a thickness of said Fabry Perot type etalon (106), 
which depends on a channel grid interval of wave- 
length division multiplexing opticai-fiber communi- 
cation, is set to a value that is shifted from a free 
spectral range of the Fabry Perot type etalon, and 
thereby temperature characteristics of transmission 
characteristics of the Fabry Perot type etalon is 
compensated. 

5. Optical-fiber communication equipment according 
to claim 1 , wherein: 

said laser light source (1 00) is located at a position 
that is shifted from an optical axis of the means for 
changing light of the laser light source to a parallel 
plane wave to form a parallel light path: or a normal 
line of an incident end face for said wavelength se- 
lection means (106) or the laser-light dividing 
means is located so that the normal line crosses the 
optical axis of the means for changing light of the 
laser light source to a parallel plane wave to form a 
parallel light path. 

6. Optical-fiber communication equipment compris- 
ing, a laser light source (100), a means (102) for 
changing light of the laser light source to a parallel 
plane wave to form a parallel light path, an optical 
system (104) for dividing the parallel plane wave, a 
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wavelength selection means (1 06), and a first (1 09) 
and a second (115) light detector, wherein: 

said wavelength selection means (106) is locat- 
ed in the parallel light path; 5 
said wavelength selection means (106) has a 
plurality of light transmission portions having 
desired wavelengths existing at given wave- 
length intervals; 

any one of the plurality of light transmission por- 10 
tions corresponds to an emitting wavelength 
desired by the laser light source; 
said optical system (1 04) for dividing the paral- 
lel plane wave divides the parallel plane wave 
into at least two pieces of light including light 15 
that is transmitted through said wavelength se- 
lection means and light passing through a me- 
dium having optical characteristics different 
from those of the light that is transmitted 
through said wavelength selection means; 20 
the first light detecting means (1 09) detects one 
divided piece of light and the second light de- 
tecting means (115) detects the other divided 
piece of light; 

signals from the first and the second light de- 25 
tector are compared to each other to obtain a 
signal for setting an emitting wavelength of the 
laser light source to a desired value; and 
said signal is used for controlling a wavelength 
of the laser light source so that the wavelength 30 
is kept to be a given wavelength. 

7. Optical-fiber communication equipment according 
to claim 6, wherein: 

said wavelength selection means (1 06) is a Fabry 35 
Perot type etalon in which: 

a refractive index of its medium is within a range 
of 1.0 to 4.0; 

surface reflectivities of both reflection planes of 40 
the medium are within a range of 20 to 70 %; 
and 

a thickness of the medium is set so that a plu- 
rality of light transmission portions are generat- 
ed at given wavelength intervals, and that any 45 
one of the plurality of light transmission portions 
is equivalent to an emitting wavelength desired 
by the laser light source. 

8. Optical-fiber communication equipment according so 
to claim 6, wherein: 

said wavelength selection means (106) is a Fabry 
Perot type etalon constructed of two or more kinds 
of materials, which differs each other in at least one 
of temperature characteristics and a refractive in- 55 
dex. 

9. Optical-fiber communication equipment according 



to claim 6, wherein: 

a thickness of said Fabry Perot type etalon (106), 
which depends on a channel grid interval of wave- 
length division multiplexing optical-fiber communi- 
cation, is set to a value that is shifted from a free 
spectral range of the Fabry Perot type etalon, and 
thereby temperature characteristics of transmission 
characteristics of the Fabry Perot type etalon is 
compensated. 

10. Optical-fiber communication equipment according 
to claim 6, wherein: 

said optical-fiber communication equipment 
comprises an information storing portion, and 
said laser light source (100) comprises a tem- 
perature detecting means; 
the information storing portion stores tempera- 
ture characteristics of a light transmission por- 
tion of the wavelength selection means (106); 
and 

according to a signal from the temperature de- 
tecting means and said stored temperature 
characteristics of light transmission portion of 
the wavelength selection means (106), a shift 
of an emitting wavelength of the laser light 
source (1 00) from a channel-grid wavelength of 
said wavelength division multiplexing optical- 
fiber communication is compensated. 

11. Optical-fiber communication equipment according 
to any one of claim 1 through claim 8, wherein: 
said laser light source (1 00) is located at a position 
that is shifted from an optical axis of the means for 
changing light of the laser light source to a parallel 
plane wave to form a parallel light path: or a normal 
line of an incident end face for said wavelength se- 
lection means (106) or the laser-light dividing 
means is located so that the normal line crosses the 
optical axis of the means for changing light of the 
laser light source to a parallel plane wave to form a 
parallel light path. 

12. Optical-fiber communication equipment compris- 
ing, a laser light source (100), a means (102) for 
changing light of the laser light source to a parallel 
plane wave to form a parallel light path, an optical 
system (1 04) for dividing the parallel plane wave, a 
wavelength selection means (1 06), and a first (1 09) 
and a second (115) light detector, wherein: 

said wavelength selection means (1 06) is locat- 
ed in the parallel light path; 
said laser light source (100) is a laser light 
source that is capable of lasing at a plurality of 
lasing wavelengths; 

said wavelength selection means (106) has a 
plurality of light transmission portions having 
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desired wavelengths existing at given wave- 
length intervals; 

the wavelength interval of thelighttransmission 
portions is equivalent to a channel grid interval 
of wavelength division multiplexing optical-fiber s 
communication; any one of said plurality of las- 
ing wavelengths of the laser light source is 
equivalent to an emitting wavelength corre- 
sponding to a desired wavelength that is shifted 
to a wavelength portion having the highest 10 
transmittance among said plurality of light 
transmission portions provided by the wave- 
length selection means; 

said optical system (1 04) for dividing the paral- 
lel plane wave divides the parallel plane wave 15 
into at least two pieces of light including light 
that is transmitted through said wavelength se- 
lection means and light passing through a me- 
dium having optical characteristics different 
from those of the light that is transmitted 20 
through said wavelength selection means; 
signals based on photocurrents from the first 
and the second light detector, which receive 
each of said divided pieces of light, are com- 
pared to each other to obtain a signal for setting 25 
an emitting wavelength of the laser light source 
to a desired value; and 

said signal is used for controlling each of said 
plurality of lasing wavelengths provided by the 
laser light source so that each lasing wave- 30 
length is kept to be a given wavelength. 

13. Optical-fiber communication equipment according 
to claim 12, wherein: 

said wavelength selection means (106) is a Fabry 35 
Perot type etalon in which: 

a refractive index of its medium is within a range 
of 1.0 to 4.0; 

surface reflectivities of both reflection planes of 40 
the medium are within a range of 20 to 70 %; 
and 

a thickness of the medium is set so that a plu- 
rality of light transmission portions are generat- 
ed at given wavelength intervals, and that any 45 
one of theplurality of light transmission portions 
is equivalent to an emitting wavelength desired 
by the laser light source. 

14. Optical-fiber communication equipment according so 
to claim 12, wherein: 

said wavelength selection means (106) is a Fabry 
Perot type etalon constructed of two or more kinds 
of materials, which differs each other in at least one 
of temperature characteristics and a refractive in- 55 
dex. 

15. Optical-fiber communication equipment according 



to claim 12, wherein: 

a thickness of said Fabry Perot type etalon (106), 
which depends on a channel grid interval of wave- 
length division multiplexing optical-fiber communi- 
cation, is set to a value that is shifted from a free 
spectral range of the Fabry Perot type etalon, and 
thereby temperature characteristics of transmission 
characteristics of the Fabry Perot type etalon is 
compensated. 

16. Optical-fiber communication equipment according 
to claim 12, wherein: 

said optical-fiber communication equipment 
comprises an information storing portion, and 
said laser light source (100) comprises a tem- 
perature detecting means; 
the information storing portion stores tempera- 
ture characteristics of a light transmission por- 
tion of the wavelength selection means (106); 
and 

according to a signal from the temperature de- 
tecting means and said stored temperature 
characteristics of light transmission portion of 
the wavelength selection means, a shift of an 
emitting wavelength of the laser light source 
from a channel-grid wavelength of said wave- 
length division multiplexing optical-fiber com- 
munication is compensated. 

17. Optical-fiber communication equipment according 
to claim 12, wherein: 

said laser light source (1 00) is located at a position 
that is shifted from an optica! axis of the means for 
changing light of the laser light source to a parallel 
plane wave to form a parallel light path; or a normal 
line of an incident end face for said wavelength se- 
lection means (106) or the laser-light dividing 
means is located so that the normal line crosses the 
optical axis of the means for changing light of the 
laser light source to a parallel plane wave to form a 
parallel light path. 
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